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(L) The object of this papei^ is to show, by the use of a special case as illustration, 
the true limits within which it is possible to reconstruct the parts of an extinct race 
from a knowledge of the size of a few organs or bones, when complete measurements 
have been or can be made for an allied and still extant race. The illustration I 
have taken is one of considerable interest in itself, and has been considered from a 
variety of standpoints hy a long series of investigators. But I wish it to be 
considered purely as an illustration of a general method. What is here done for 
stature from long bones is equally applicable to other organs in Man. We might 
reconstruct in the same manner the dimensions of the hand from a knowlede'e of any 
of the linger bones, or the bones of the upper limbs from a knowledge of the bones of 
the lower limbs. Further, v/e need not confine our attention to Man, but can 
predict, with what often amounts to a remarkable degree of accuracy, the dimensions 
of the organs of one local race of any species from a knowledge of a considerable number 
of organs in a second local race, and of only one or two organs of the first. The import- 
ance of this result for the reconstruction of fossil or prehistoric races will be obvious. 

What we need for any such reconstruction are the following data : — - 

(a,) The mean sizes, the variabilities (standard-deviations), and the correlations of 
as many organs in an extant allied race as it is possible conveniently to measure. 
When the correlations of the organs under consideration are high {e.g,^ the long 
bones in Man), fifty to a hundred individuals m.ay be suflicient ; in other cases it is 
desirable that several hundred at least should be measured. 

(6.) The like sizes or characters for as many individual organs or bones of the 
extinct race should then be measured as it is possible to collect. It will be found 
always possible to reconstruct the mean racial type Avith grea^ter accuracy than to 
reconstruct a single individual. 

(c.) An appreciation must be made of the effect of time and climate in producing 
changes in the dimensions of the organs which have survived from the extinct race. 

(2.) Supposing the above data to exist in any particular instance, we have next to 
ask what is theoretically the best method of dealing with them. There cannot be a 
doubt about the answer to be given. If we know an organ A, then the most 
probable value of an organ B is that given by the regression formula for the t\YO 
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organs. Let m,,, m^ be the mean sizes of A and B, <t«, o-^ their standard deviations, 
r,,^ their coefficient of correlation, then the most probable value of B for a given value 
of A is, 

B — m^ := '^'- r,,j, (A — wi,,) 

or 



'^a 



= c,A-c,k. (i.) 

where c^ and Cg are constants for the pair of organs under consideration. The 
probable error of such a determination is '67449 o"^ X v^il — tIj), 

Now there are several points to be noticed here. 

(i.) If r,,j, be small, the probable error of reconstruction will be large, if the organ 
B is to be reconstructed for a single individual. No ingenuity in constructing other 
formulae can in the least get over this difficulty ; it is simply an expression of the 
fact that races are variable. Any formula which professes to reconstruct individuals 
with extreme accuracy may at once be put aside as unscientific. On the other hand, 
if A be known for p individuals, the corresponding mean value of the unknown organ 
B may be found with a probable error of '67449 o-^ X ^/{l — Tlij)l^p, and thus with 
increasing accuracy as p increases. 

(ii.) Anthropologists and anatomists have frequently assumed that the ratio of two 
organs, B/A, is the measure to be ascertained in a reconstruction problem. They 
were soon compelled to admitj however, that this varies with A, and accordingly have 
tabulated the ratio B/A for three or four ranges of the organ A. Such a table, 
for example is given by M. Manouveieii"^'' for the ratio of stature to the length of 
the six long bones. He gives the ratio for three values of each long bone. He also 
in a second table gives values of the ratios which are to be taken when the long 
bones exceed or fall short of certain values, ie., in cases of what he terms macroskely 
and microshely. The regression formula shows us that : 

B/A = a + <^]/A, 

and since Cj is never small as compared with A, this ratio can never be treated as 
constant. Accordingly, while a table can be constructed which will give quite good 
reconstruction values, by determining the mean value of B/A for each value of A, we 
see that it is theoretically an erroneous principle to start from ; no constancy of the 
ratio B/A ought to be expected. The theory of regression shows us that the most 
probable value of B is expressible, so long as the correlation is normal (or at least 
"linear '^), as a linear function of A.t 

^- * Memoires de la Societe d'Anthropologie de Paris,' voL 4, pp. 347-402. 

t Sir Geoege Humphey gives a table of tlie ratio B/A for stature in his " Treatise on tlie Human 

z 2 
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(3.) So far we have dealt only witli the reconstruction of the most probable value 
of B from one organ A, but we may propose to find the most probable value of B from 
n organs Aj, A2, A3 . . . A,^,. Let Tq^ represent the correlation coefficient of B and the 
organ A^, r^^/ the correlation coefficient of A,^ and A,^> ; cfq the S.D. of B, and a-g of the 
organ A^, nio the mean of B, and m^ of A.^ ; let R be the determinant 
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and E.^g, the minor corresponding to Vp,^. Then the general theory of correlation 
shows us that 



p -^^-- (Ai — mi) — ..-■ - (A2 — m.) , , . — -"- (A,, — w,,), . (n.) 






is the most probable value of B, and. theit there is a probable error = '67449 cr^ y/(Ii/Roo) 
in this determination. 

Thus we reach again a formula of the character 

B =^ Co + CiAi + C2A2 + CsAs + . . . + c„A.,,, 

or, B is expressible as a linear function of the organs from which its value is to be 
predicted. This again supposes normal, or at least ^* linear " correlation. Now there 
are several points to be noticed here. 

(i.) The linear function which v^ill give the best value for B is unique. For 
example, some anthropologists have attempted to reconstruct stature by adding 
together the lengths of femur and tibia. The proportions in which femur and tibia 
are to be combined are given once for all by the regression formula, and they are 
not those of equality. I have succeeded in proving the following general theorem, 
which settles this point conclusively. Given any linear function of the n organs 
xi-i, x\-2, -A-g . . . xx.^^,, say 

/>o + JhAj + ^hA^ + h^A^ + — » + ^pAn^ 

Skeleton," Cambridge, 1858, p. 108. Many others have been given by Prencli writers, in some cases 
witli several values cf B/A for three ranges of stature or of long bono (Topixard, Rollbt, etc.). 
Dr. BiSDDOE has given a rule which reallj amounts to making B a linear function of A, but his values 
for Ci and c^ are widely divergent from what I have obtained by applying the theory of correlatioij. 
' Journal of the Anthropological Institute,' vol. 17, 1888, p. 205. 
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and let p be the correlation of this expression with B, then p will be greatest or 
the probable error of the determination of B by means of its correlation with such an 
expression will be least, i.e., •67449 0-0^/(1—/)^) will be least, when the Vs are pro- 
portional to the corresponding c's of the regression formula. 
Let S be the standard-deviation of the quantity 

Q zn 60 + &1A1 + &2A2 + . . . + Kk-a^ 

Then 
and 

The best value of B as determined from Q is 

B = mo + Y {^h (Ai — m,) + h. (A., — m.) + , . . + \ (A,, — m,)] . (iii.), 

with a probable error '67449 (Tq ^/{l — p^). 

This may be taken to be any Knear function of the A's, since so far &i, &2 • . • ^n 
are n quite arbitrary constants, and the constant 60 bas to satisfy the condition that 
B takes its mean value when the A's take their mean values. 

Now select such a value of the 6's as to give the greatest value to p. By 
differentiating p with regard to the &'s in succession we find the system of equations 

nitjp = hyo-i + h^(T^\2 + ho-^rj^ + . . . + hn(Tj\,, 

n^^t/p ^ h^a-yTy. + 620-2 + 630-3^23 + . . . + ^^nO'n'^^a 



ro,,t/p = hio;Q\, + b2(T2r2n + ho;,i\, + . . . + h,,(r„. 



The solutions of these equations are 



1^)1 ^ 7 __ '*^ _ 7 '"*« tL 

1\00 P J-M)() P -t^oo p 



or, the equation to the best value of B, (iii.) above, reduces to the regression 
formula (ii.). In other words, no a.ttempt to reconstruct the organ B from a linear 
relation to the organs Ai, A2 . . . A,, will give such a good result as the ordinary 
regression formula/" This, of course, excludes all attempts to form type ratios of 

* I note that what is here cleaionstrated is only a special case of Mr. Yule's general theorem. See 
' lioy. Soc. Proc.,' vol. 60, p. 477. 
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A/B or B/A as a method of prediction. We may, in fact, at once dismiss all 
reconstruction formnliB as insufficient which are not based on the theory of corre- 
lation. The theory as here applied, be it noted, depends on the line^irity of the 
proposed formula and not on. any special form of the distribution of variations. 

(ii.) The accuracy of a prediction will not be indefinitely increased by increasing 
the number of organs upon which the prediction is based. This fundamental fact of 
the application of the theory of correlation to prediction has already been noticed bj^ 
Miss Alice Lee and myself in the case of barom.etrlc prediction/'' The choice of 
organs upon which to base the prediction is fer more important^ Thus, to illustrate 
this from stature I may remark that the probable error of a prediction of male stature 
from radius is to a prediction from femur in the ratio of 2 '723 to 2*174 ; that if one 
takes both femur and tibia for the prediction, the proba,ble error is only reduced to 
2*030, and further, if one takes femur, tibia, humerus, and radius, we only reach 
1*961. This latter reduction is so small as to be well within the errors of the 
determination of our means, variations^ and correlations, and accordingljr scarcely 
worth making. To pass from the radius to the femur is a real gain ; to pass from 
femur and humerus, say, to femur, humerus, tibia, and radius, is no sensible gain. 
Hence, one or two organs well selected are worth much more for prediction than a 
much hunger number selected less carefully. 

(iii,) It is the custom of French writers, when determiniog stature, to predict it 
from several single types of bones, say from femur, tibia, humerus, and radius, and 
then to take the mean of these results for the true stature. This is not the best 
theoretical procedure^ Suppose the regression formula) for the prediction of B from 
Ai, Ag, Ag, A4 separately to be 



1? 
"V ^l -^-^2? 



B = cj' + c '' 



_0 -™ Uq "-f" 61 J. 1-3, 
//// I //// 4 



Then the mean of all tliese results would give 

B = i {co + Co" + Co''' + Co"") + ic/Ai + l-c/'A. + ic/^As + ^c/^^A^, 

that is to say, B has been really found from a linear relationship between B and the 
four organs in question. But the best linear relationship for the four organs is 

™ Co + CiAi 4" CoAo + C3A3 + G, 



4x1.4, 



where the c's are the true regression coefficients. But the slightest acquaintance 
with the theory of regression shows that the partial regression coefficient c^ is as a 

^ " On tlie Distribution of Frequency (Variation and Correlation) of tlie Barometric Heiglit at 
Divers Stations,'* ' Phil. Trans../ A, vol. IQOj p. 456 et seq. 
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rule not just ^ of the value of the total regression coefBcienfc c/. For example, if 
A4 were the radius and B stature, c/''' = 3*271, while c^ is a negative quantity -— '187. 
This process of taking means may accordingly screen some most important element^ 
like the negative value of the partial regression coefficient of the radius. Theoretically, 
therefore, as well as from the standpoint of discovery, the regression formula for n 
organs will give more valuable results than the mean of the results of the n regression 
formulse for the n organs. A practical modification of this principle will be referred 
to below (p. 178). 

(4.) The theory of regression will thus enable us to determine the best value to be 
assigned to an unknown organ, when the values of any other 7h organs are known, 
supposing the individual to tvhich these organs belong is a member of a race or group 
for which the regression coefficients hatm been ascertained. 

On what principle, however^ can we extend the regression formuhB for one race to 
a second ? The regression coefficients depend upon two things, the variability of 
the organs under consideration and their correlation. Now^ the change in variability 
as w^e pass from one race to a second has never been questioned. It has been 
suggested that the correlations were racial characters, but the divergences in corre- 
lations between local races are far beyond the probable errors of the observations.^ 
Mr. FiLON and I have shown that every random selection from a race changes both 
variation and correlation.t I have shown in a memoir not jet published that all 
natural and all artificial selection also changes these quantities. How then can we 
hope that a regression formula as applied from one local race to another will give 
accurate results ? Why should the stature formula obtained from measurements on 
modern Frenchmen apply to palaeolithic man ? 

I think M. Man^ouvhier somewdiat lightly skips this difficulty In the following 
sentences: — ^*'Enfin les variations ethniques des proportions du corps seront dans le 
meme cas que les precedentes [les variations inclividuelles]. II y a des races macros- 
keles et des races microskeles, comme il y des individus de ces deux sortes, et les 
variations individuelles sent bien plus grandes que les variations ethniques les plus 
accusees. Or les coefficients moyens des os de grande longueur tendant a abaisser la 
taille et ceux des os de faible longueur tendant a Felever, il s'ensuit qu^il sera tenu 
compte dans une certaine mesure de la macroskelie des races comme de celle des 
individus dont les os seront absolument longs et de la raicrosk^lie des races comme 
de celle des individus ayant des os absolument courts. "J If we admit for the 
moment, which I should not be prepared to do gen orally, || that the individual 
variations in a local race are greater than the " ethnic variations " or divergences 
between the means of local races, M. Manouvrier's conclusion by no means follows. 

* See ' Piiil. Trans/' A, vol. 187, pp. 2G6, 280, and ' Roy. Soc. Proc.,' vol. 61, p. 350. 

t '' On Random Selection," see ' Pliil. Trans,' A, vol. 191, p. 229, and ' Boy. Soc. Proc.,' vol. 62, p. 173. 

J Log. cit., on my page 171. 

J See the results as to tlie radius referred to on p. 176 below. 
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The formulse for stature reconstraction, whether obtained with a consciousness of the 
theory of regiession, as in the present paper, or indirectly by taking the means of 
small groups, as by M. Manouveier, are based upon a,verages^ and involve the 
standard-deviations, the variabilities of distribution of each organ. Hence, the fact 
that individual variations may be greater than ethnic variations does not touch the 
real point at issue, for the formula depend on the proj)ortions of macroskely and 
microskely in each race, and these undoubtedly change. The individual variation 
being greater than the ethnic, is not a valid argument for applying a formula based 
on the observation of one local race straight aw^ay to a second. 

The validity of applying the formula for one local race to a second depends, I 
think, upon very different considerations. In the first place, the validity is not 
general. If we endeavoured to reconstruct the radius, for example, of Aino or 
Naqada races from the femur or tibia by a regression formula obtained from measm*e- 
ments on the French, the results would, \Ye might d priori expect, not be so 
satisfactory as for stature.* 

The validity depends on our conceptions as to *' local races.^' While the problem 
of local races is dealt with at length in my memoir on artificial and natural selection, 
and I do not want to anticipate the results there stated, it is still needful to cite 
here a theorem reached in that memoir. When a sub-race is established by the 
selection out of a primary race of a group having p organs distributed with given 
variabilities and given correlations about given means, we shall speak of its establish- 
ment as due to a dii^ect selection of these p organs. But this direct selection is shown 
to alter also the sizes of all the remaining organs of the organism, the variabilities of 
all those organs, and the correlations among themselves of the non-directly selected as 
well as their correlations with the selected organs. We shall speak of this result as 

* Allowing, as in my page 193, for cartilage and sbrinkingj I find tlie following formnlaa from tlie 
Erencli measurements for tlie reconstruction of radius in centimetres : 



; 


R ™ 7-839 + -Se^F, 
R - 5-715 + -SOST. 

Aino race. 


Naqad 


a race. 


Calculated. 


Observed. 


Calculated. 

24-692 
25-494 


1 
Observed. 


Reconstruction of R from E 
Reconstruction of R from T 

i 


22-799 

22-934 


22-913 
22-913 


25-697 

25-697 



In the case of the Ainos, the prediction is within '5 per cent, of the observed value. In the case of 
the Naqada race, the prediction from the femur differs by 1 centim., or 4 per cent, from its true value. An 
error of 6 to 7 centims. in the prediction of stature of a local race which would correspond in 



mag 



nitude is hardly likely to occur. The explanation is that the radius is a much differentiated bono. 
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indirect selection. The changes due to indirect selection are shown in the nnemoir 
referred to to be in many cases of considerable importance ; every mean^ every 
standard deviation^ every correlation may be altered ; but the following theorems 
govern the changes in the regression formulae :— 

(i.) The regression formula of a directly selected organ on any number of other 
organs, whether directly or indirectly selected, will change. 

(ii.) The regression formula of an indirectly selected organ on all the directly 
selected organs, and any number of the indirectly selected organs, does not change. 

(iii.) The regression formula of an indirectly selected organ on some, but not all 
the directly selected organs, will change, unless the selection happens to be one of 
size only, and not of variability and correlation at the same time, in which case the 
formula remains unchanged. 

(iv.) Most local races show sensible but small differences in both variability and 
correlation ; if we call these differences quantities of the first order of small quantities, 
then the changes in the regression formulae between two or more indirectly selected 
organs will be of this order of small quantities X the squares and products of corre- 
lations, quantities which are themselves less than unity, or what we may term a 
quantity of the third order ; further, the changes in the regression formula between 
an indirectly selected organ and some but not all the directly selected organs will be 
of the first order of small quantities X the correlation, or what we may term a 
quantity of the second order. 

To sum up, then, it would appear that the regression formulae in general will 
change from local race to local race, but that a particular set (see (ii.) above) exist 
which would not be changed at all, while many others, supposing size^ to be the chief 
character selected, would only be changed by quantities of the second or third order. 
It will be obvious then that a knowledge of a considerable series of regression 
formulae of two local races will enable us to ascertain to some extent the nature and 
amount of differentiation which has gone on from a common ancestral stock. Further, 
if we have not sufficient data for one local race to find the variabilities and correla- 
tions of its organs, but if we can find fairly closely the mean size of its organs, then 
the degree of consistency of the results obtained when these means are inserted in the 
regression formulaG for the second local race is an indication of the amount of 
differentiation which has taken place. The larger the number of organs we include 
in a regression formula the more likely we are to embrace all the directly selected 
organs, and so to obtain a formula which remains unchanged for the two races. 

Thus we see that the extension of the stature regression formulae from one local 
race — say, modern French — to other races— say, palaeolithic man — must be made 
with very great caution. The extension assumes (i.) that stature itself has not been 

^ A selection of the mean sizes of two organs, wliich would alter their relativ^e proportions, does not 
of course involve a selection of correlation ; in other words, selection of mean relationship does not 
necessarily connote a selection of differential relationship. 
VOL. CXOIL — A. 2 A 
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dwectly selected^ however widely changed by indirect selection^ (ii,) that the formul 
involve cdl the directly selected organs closely correlated with stature^ or that the 
selection has been principally one of size, and not of variability of, or correlation 
between, these organs. The real test of the applicability of the formula is whether 
or not they give for another local race of which we know a priori the stature^ results 
in agreement with themselves and with the known stature. I take it that the justi-" 
fication required for applying our formula to pateolithic man is not the statement that 
ethnic are less than individual intra-racial variations, but is to be drawn from the 
fact that our formulae, based upon measurements on the French, give results very fairly 
consistent among themselves and with observation for such a divergent race as the 
Aino. Such results seem to indicate that racial differences in stature are not the 
result of direct selection of stature, and that the selection of the long bones has been 
rather a selection of their absolute and relative sizes than a selection, in the first 
place, of their degrees of variation and correlation, although these have to some extent 
undoubtedly changed. 

Our general theorems will to some degree indicate the manner in which dlfierentia- 
tion has taken place. Suppose there has been a selection of femur and tibia, but not 
of humerus and radius. Then the recession formulaB for stature on femur and tibia, 
and for stature on femur and tibia top'ether with one or both of the other tv/o, humerus 
and radius, ought to give identical results ; but these results ought to differ from 
those 0"iven by the formulae for stature on humerus or on radius, or on both top^ether. 
Practically, however;, we have in many cases so few bones to obtain our means from (and 
these bones themselves parts of different skeletons), that the probable errors of these 
means quite obscure the deviations in stature o.s obtained from various formula and due 
to the influence of selection. From this standpoint a partial practical justiiication can be 
found for tEiking the mean of the divergent reconstructions of stature given by a series 
of regression formul a3, at any ra,.te for the case when the diver^^ences are not very large. 

These divergences miay be due to errors in the mean lengths of the long bones, or 
to selection directly of one or more of the long bones, or even to some small direct 
selection of stature. But as in our ignorance of these sources of errors v/e can only 
suppose some positive and some negative, the mean of all the formula may to some 
extent eliminate these quite unknovi^n and unascertainable divergences (see p. 175). 
Generally, hoAvever, I should expect the stature in which two or more formulse agree, 
to be more probable than the mean of several diver^^ent formulaa. 

(5.) On the Data available for Stature Regression Formvlos, — -The only data avail- 
able for the calculation of the correlation between stature and lon^' bones occur in the 
measurements made by Dr. Rollet on 100 corpses in the dissecting room at Lyons. "'^^ 
This material has already been made use of by Miss Alice Lee and myself in our 
memoir, ^^ On the Relative Correlation of Civilised and Uncivilised Races, "t so that 

'^ ' .De la Mensuration des Os Longs cles Membres,' par Dr. Etiejsne Rollet, Lyons, 1889. . 
t 'Roy. Soc. Proc./ toL 61, p. 343 
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all the coefficients of correlation and all the variations of the long bones have already 
been calculated. 

I owe to Miss Alice Lee the knowledge of the additional constants required for 
this farther investigatioUj and embodied in Tables I, and II. below, which embrace 
all that is needed to fully determine the correlation of stature and long bones. 

The treatment of Dr. Rollet's material was not to be briefly settled. He had 
measured only 50 bodies of each sex, and this number included a great variety of 
ages. M. Manouvrieu in determining his table of statures has at once excluded 
from his calculations all the males but 24 as senile, and all the females but 25. Now, 
alihoup4i the correlations between stature and long* bones are hio^h, it would be Quite 
hopeless to attempt to calculate them from 25 cases ; 50 cases are ha^rdly sufficient, 
25 impossible. It seemed^ therefore, necessary to include all Dr. Rollet's cases, and 
the question now arises how far the inclusion of the senile ones will affect our results. 
Taking 50 as the age at which stature begins to decrease, we notice that of the 25 
lowest statures recorded by Rollet, 18 are of men over 50, and of the 25 highest 
statures, 17 are of men over 50. In other words, there appear sensibly as many 
senile statures above as below the median stature. Of women there are 16 over 50 
years old with a stature greater than the median, and only 14 women over 50 under 
the median stature. Turning to means, we notice that 24 males under 60 years had 
for mean statui-e 167'17 centims., and 26 males over 59 years had 165*4 centims., 
25 females under 60 had for mean stature 154*04 centims., and 25 females over 59 
had 154°00 centims. 37 females under 70 had a stature 153*94 centims., and 13 over 
70 gave 154*23 centims., an absolutely greater stature. 24 years was the minimum 
age. From this it would appear that whatever shrinkage may be due to old age, 
it is not of a very marked character in these data, or largely disappears when a 
body is measured after death on a flat table ; the senile stoop may then be largely 
eliminated. 

But there is another point to be noted : we shall not directly make use of the 
mean stature as obtained from Rollet's data, except to test how far our formulae 
will reproduce Rollet's results. What we shall make use of from Rollet's data 
are the standard-deviations and coefficients of correlation, and these will hardly have 
their values sensibly influenced by such comparatively small senile changes as are to 
be found indicated in Rollet's measurements.'"' Accordingly our constants are 
calculated by including all Rollet'b measurements, namely, on 50 of each sex. 

The following results were found : — 



^ If ilie bones shrink with old age, like the stature, the correlation would not be altered. The length 
of a bone varies with the amount of moisture in it (see below), and such shrinkage is itself a possibility. 
The bones of the aged will of course be included among those of extinct races, and cannot easily be 
eliminated. 

2 A 2 
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Table I«— Correlation between Stature and Long Bones. 



Pairs ol organs. 


Male. 


Female, 


Stature and tibia 

Stature and radius ....... 

Stature and h um erus * 

Stature and femur 

Stature and iiumerus -^ radius . . , 
Stature and femur 4- tibia .... 


^7769 4- -0378 
•6956 4- -0492 
•8091 + '0329 
•8105 + -0327 
•7973 ± -0347 
•8384 + -0283 


*7963 + -0349 
•6717 -4- -0523 
•7706 4- -0387 
•8048 4- ^0336 
•7547 ± -0411 
•8268 4- -0302 



The means, standard deviations, and correlations of femur, tibia, humerus, and 
radius, for Rollet's measurements, are given in the 'Roy. Soc. Proc.,' vol. 61, 
pp. 347-350. The means and variabiHty of the remaining organs not there recorded 
were found to be as follows :— 





Mean. 


Standard deviation. 


Male. 


Female. 


Male. 


Female. 


Stature 

Humerus -f- radius , . . 
Femur 4- tibia .... 


166*260 4- -525 
57-368 ± -242 
82-028 -h -880 


154-020 + -520 
51-240 4- -241 
75-024 4- ^382 


5-502 4- -371 
2-536 4- -171 
3-979 4- -268 


5-450 4- -368 
2-526 d= -170 
4-001 4- -270 



Without reproducing the full tables of the mem.oir referred to, it is of value to 
form the correlation tables, which serve as the determinants from which the regres- 
sion formulae have been calculated. It is only in the case of stature in terms of the 
four long bones that the numerical work proved lengthy., 

The general formula used is (ii.) on p. 172. S, F, H, T, R stand for Stature, Femur, 
Humerus, Tibia, Radius, all measured in Rollet's manner, which will be discussed at 
length below. 



^ The somewhat low value of the correlation for female stature and humerus was tested by means of 
the formula 



r 



<^x 



su 



r 



Xll 






T 



ywi 



where ^ = a? 4 |/, ^, y, and u are organs, o-^,, o-^, o-,, their standard deviationSj and r a coefficient of 
correlation. Hence putting x = humerus, y = radius, and u ■=• stature, I found the correlation between 
stature and humerus + radius indirectly; it was '7564. The table shows that the directly-calculated 
value was ^7547, a difference well within the errors of observation. Thu.s the correlations as given for 
female humerus and stature and female radius and stature must be correct, i,e., the somewhat lengthy 
arifchmetic involved is not at faulfc. 
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Table III. 



Males. — Stature and Long Bones Correlation, 





S. 


F. 


H. 


T. 


R. 


s. 


1 


•8105 


•8091 


•7769 


•6956 


F. 


•8105 


1 


•8421 


•8058 


•7439 


H. 


•8091 


•8421 


1 


•8601 


•8451 


T. 


•7769 


•8058 


•8601 


1 


•7804 


R. 


•6956 


7489 


•8451 


•7804 


1 



Table IV. 



Females.— Stature and Long Bones Correlation. 





S. 


F. 


H. 


T. 


R. 


s. 


1 


•8048 


•7706 


•7963 


•6717 


F. 


•8048 


1 


•8718 


•8904 


•7786 


H. 


•7706 


•8718 


1 


•8180 


•85] 5 


T. 


•7963 


•8904 


•8180 


1 


•8053 


B. 


•6717 


•7786 


•8515 


•8053 


1 



The following cases of reconstruction were then dealt with : 



(a) Reconstruction of mean stature from a knowledge of the femur 



of p individuals. 



(«) 
id) 

(«) 
(/) 

{%) 
(fe) 



5J 



5) 



)) 



5) 



)> 



J) 



5) 



)J 



5> 



■JJ 



?> 



5) 



9> 



It 



JJ 



?) 



35 



5) 



humerus , 

tibia , 

radius , 

femnr -|- tibia , 

femur and tibia , 

humerus + radius , 

humerus and radius , 

femur and humerus , 

femur, humerus, 
.tibia, and radius 



55 



?' 



55 



)» 



55 



55 



55 



55 



55 



In the formulae M denotes a mean, and e the probable error of the estimate. 
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(a) S 
(b) 

d) s 

e) S 

/) s 
9) S 
h) 

k) 



(a) 


S- 


-Ms 


(&) 


s- 


-Ms 


(«) 


s- 


-Ms 


(d) 


s- 


-Ms 


(^) 


s- 


-Ms 


{/) 


s- 


-Ms 


(9) 


s- 


-Ms 


(h) 


s- 


-Ms 


(}) 


s- 


- Ms 


(k) 


s- 


-Ms 



Table V. — Male, 

Ms = 1-880 (F - Mj.), 
Ms = 2-894 (H — Mh), 
Ms = 2-376 (T -- Mt), 

Ms = 3-271 (R - Mb), 
s= 1-159 (F + T-M^. + t), 
s= 1-220 (F-Mp)+ 1-080 (T 

Ms= 1-730 (H + R-Mii + b), 

s = 2-769 (H ~ Mh) + -195 (R 
s = 1-030 (F -- Mi,) -f 1-557 (H 
-s— -913 (F — Mf) + -600 {T 

"\- 1*225 (xl •*— Mjjj — '187 (lb "^ 

Table v1„— Female. 

- 1-945 (F - Mp), 

- 2-754 (H — Mh), 
T. 2*352 (T - MA 
:= 3-343 (E - Mr), 
r 1-126 (F + T - Mxr+T), 
= 1-117 (F- Mf)+ ri25 (T- 
r 1-628 (H + R -- Mh^hr), 

Ms ^ 2-582 (H — Mh) + '281 (R » 
~ 1-339 (F - Mp) + r027 (H • 



T/s 




e 
e 
e 
e 
e 

6 

e 
e 

e 

€ 



2-174/a/p. 

2-337/\/p^ 
2-666/\/2X 
2-023/\/p. 
2 -030 1 \/ p. 

2-240/\/p. 
2-l79/%/j9. 
l-962/\/p. 

l-96l/-v/p. 



= -782 (F - M,.) + 1-120 (T 
+ 1-059 (H — Mh) - -711 (R — 





e = 


: 2-182/v/^. 




e ^ 


: 2-343/vp. 




e 


: 2-245/v/p. 




e — 


: 2-723Vp: 




e - 


: 2'068/v/p. 


M,), 


e — 


■■ 2-085/V5. 




e ^ 


: 2'412/yp. 


Mb), 


e — 


: 2-340/v/p. 


- Mh), 


e :- 


: 2-120/yp. 


M,) 1 


y-^ _»,^ 


. O.AO 4 1 /'" 



e 



(6.) Now these tables require a good deal of comment. In the first place they 
must not be considered as extending beyond the range of data on which they are 
based, thus R, F and H are the maximum lengths of bones measu.red with the 
cartilage attached, and in a humid state, T is the tibia length excluding spine. All 
the constants were worked out for the right members, except in one or two cases in 
which they were missing. The stature is the stature measured on the corpse. 
Further the measurements are made on the French race. 

We shall now proceed to generalise these formulae. In the first place, the 

* It may appear strange tliat tlie probable error of (e) is less tban (/)j but the difference is really 
less tban tlie probable error of tlie observations. If rg^y^-T be calculated from tbe known values of o-^, o-^ 
and rj-T) &c., we find it equals •8369 instead of '8384 the directly calculated value, wMle &^j^^ thus calcu- 
lated = 8*967 instead of 3*979, wbence e ™ 2*031/ v^p instead of 2*023/ vp? wbioh is in agreement with 
the gerjeral theorem on p. 173. 
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numerical factors are functions only of the standard deviations and the correlation 
coefficients, and will accordingly be unchanged if these be unchanged. 

Let Oi and O2 be any organs and Mi and Mg their means, Ui and ^2 their numbers, 
and ?"i2 their coefficieut of correlation. Suppose that any hygrometric changes, 
different method of measurement, amount of animal matter in the organs at time of 
measurement, etc., cause us to measure /3i 01 + ^^2== O'l Q-^d yi02 + yz ==^ 0^ instead 
of Oi and O2, and let (t\, (t\^ M'l, M'2, and t\^ be the resulting characters, then 
clearly, S standing for summation : — 

W,= AM, + A, M'2 - 71M2 + 72, 

cri z:. S (0^, ^ W,)' ^y\^ (O2 



• M,)^ = 


= ^Wu or o-'i = 


~ AcTi, 


• M,)^ : 


- yWi, or or 2 _ 


= yio-2, 


S (Oi - 


- Ml) (0, - M,) 


1 11.1 fy% 




(JlO-g 


— /x2. 



r 12^ --^ :::::: ^^y^ 

(7 1(7 2 

Thus a correlation coefficient will be quite unchangedc A regression coefficient will 
be changed or not according as the ratio of two standard deviations is changed or 
not, or according as to whether fixjyi sensibly differs from unity. Now in stature 
or any of the long bones with which we have to deal quantities corresponding to 
ySs, 72 iT^ay amount to 1 per cent, of the value of Oi or O2, but the multipliers like 
j8i and 71 are not only quantities differing in the second order from unity, but 
probably very nearly equal to each other. Hence it is reasonable to suppose that 
changes in the condition of the bones, and stature measured on the living or on the 
corpse, while sensibly affecting Ms, Mp, Mh, Mt, and M^ will produce little or no 
effect on the numerical constants of the regression formulae (a) to {k\ We shall find 
that this d "priori conclusion is borne out by actual measurements. Hence we 
conclude that Tables V. and VI. may be applied to stature measured on the living 
or the corpse, to bones measured humid or dry, with or without the cartilage, 
provided proper modifications are made in the values of the five means. We might 
even go so far as to predict that provided M^ be properly altered, the stature from 
tibia reconstruction formulae will not be much modified, even if the tibia be measured 
with instead of without the spine. The change, however, in the regression formulae 
when the femur is measured in the oblique position is more likely to be of import- 
ance, and the correlation between stature and oblique femur has accordingly been 
worked out. If F' denote oblique femur we have : — ■ 

Male MsF/ = 44-938, o-^, = 2*331, r^^v = -8025, 

Female M^i,, = 41'240, a;. = 2-205, ?v == '8007, 

whence for (a) we find : 

Male S - Ms =: 1'894 (F - M^,.), 

Female S - Ms = 1*979 (F^ - M,v). 
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Thus the regression coefficient is not changed more than '55 per cent, for males and 
1*7 per cent, for females, even in this case where the difference between the maximum 
and oblique lengths of the femur has been much insisted upon as very significant 
with regard to stature. Putting in the lengths of the means as found on the corpse, 
we have : 

Male S = 81-147 + 1^894 F'" 

Female S =: 72*406 + r979 F^ 



(L). 





a.) 


Male min. 


156-15 


Female min. 


146-42 


Male max. 


175-47 


i'emale max. 


167-40 



The corresponding formula for the stature in terms of the maximum length of 
femur are, as we shall see later : 

Male S = 81-231 + P880 F 1 

Female S = 73-163 + 1-945 F ^ ^ 

The extreme oblique femur lengths are for males 39*6 and 49*8, and for females 37'4 

and 48*0. Let us calculate the stature of these individuals directly from (i.) and 

indirectly from (il), by putting F = F' + *32 for males and F' + '33 for females. 

We find 

(ii.; 

156-21 

146-53 
175-46 

167-17 

The differences here in these extreme cases are absolutely unimportant for the 
determination of stature. In other words, the changes in the regression equation are 
insignificant, when we even m.ake such a change as from obhque to maximum femur 
length. Accordingly we have the rule, if the oblique length of femur be given, 
the equations for the maximum length can always be safely used if we add '32 for the 
male and '33 for female to the obhque length in centimetres before using equations of 
type (ii.). 

So far we have generalised Tables V. and VI., having regard to the nature and con- 
dition of the organs when measured. We see that the regression coefficients will remain 
sensibly constant. Our general considerations on pp. 177 a.nd 178 indicate the limits 
under which these regression coefficients may be considered constant for different local 
races. But the constancy of the regression coefficients is not sufficient to preserve the 
constancy of the linear reconstruction formulae for stature. It would be of no service 
if Ms, Mf, Mh, Mx, Mr varied from local race to local race absolutely independently. 
Now if mo be the mean of a not directly selected organ, and mi, mg, mg . . . the means 
of any other organs, the constant part in a reconstruction formula will with the 
notation of p. 172, be : 

+ ^^m ^0 I -^Vf3 ^0 . I 1^0?? ^0 

— - mi + :^j"-^ - m^ + . . . + -- — m,,. 
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It is shown in the memoir on selection to which I have previously referred, that 
this expression remains the same for all local races, and equal to its value in 
the original stock under precisely the same conditions (stated on p, 177) as the 
regression coefficients themselves remain constant. Hence we have the same degree 
of justification in applying our whole stature reconstruction formula from one race to 
a second, as in applying the regression coefficients. 

(7.) Ee-examining Tables V. and VI. with a view to drawing one or two general 
conclusions before we proceed further, we notice : 

(i.) The probable error of the reconstruction of the stature of a single individual is 
never sensibly less than two centimetres, and if we have only the radius to predict 
from may amount to 2| centims. 

Hence no attempt to reconstruct the stature of an individual from the four chief 
long bones can possibly exceed this degree of accuracy on the average, at any rate no 
linear formula.^ No other linear formulae will give a better, or indeed as good a 
result as the above. 

The reconstruction of racial stature is naturally more accurate, since if w^e recon- 
struct the mean from jp bones of one type, the probable error is reduced by the 

multiplier l/\/p. At the same time we must bear in mind that possibly a definite, 
if small amount of direct, selection by stature has actually taken place in the diflPeren- 
tiation of human races, and accordingly the values of e given in Tables V. and VI, 
are not absolutely true measures of the probable error of racial reconstruction, even 
when one or more of the long bones have not been directly selected. A direct selection 
of the long bones is usually evidenced by one or more of the formulae giving discordant 
results. When, as will be seen later to be usually the case, several of the formulae give 

results well in accordance with each other, then we may assume that 2/\/p centims. 
is an approximatet measure of the probable error of the reconstructed stature. 

(ii.) The four long bones give for males the least probable error, but with sensibly 
equal accuracy and less arithmetic we may use F & IT, F + T or F & T ; then follow 
fairly close together H & R, F or H alone ; T alone is sensibly worse, and R is worst 
of all It is noteworthy that H is better than T, and the H & R is sensibly as 
good as F alone. 

Turning to female stature reconstruction, we notice that the order of probable 
errors is considerably altered. Tibia and radius now play a more important part in 
the determination of stature. The four long bones still give the best result ; F & T, 
and F + T follow closely ; then come F & H, and F alone ; followed at some 
distance by H & R, and H alone, but both these are now worse than T alone ; last of 

^ I shall refcurn to the question of the linearity of the formula, when dealing later with the stature of 
giants and dwarfs, see p. 222. 

t It must be remembered that we have, as a rule, a number of long bones which in part do not even 
belong to the same skeletons. This result accordingly is the probable error of a group to whom one 
kind of long bones belonged, rather than the probable error of the racial stature as reconstructed, 

VOL. CXCII. — A. 2 B 
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all comes R, as before. Thus while in the case of men the humerus, in the case of 
women the tibia is the better bone of the two to predict stature from. A simple 
examination shows the emphasising of the tibia coefficients in the case of woman. 
The same holds for the radius coefficients, but in a still more marked degree. 

Both male and female show in the rePTCssion formula for the four lonof bones a 
remarkable feature which they have in common with the anthropomorphous apes, 
namely, the negadve character of the partial regression coefficient. The longer the 
rarlius for the same value of femur, humerus, and tibia, the shorter loill he the stature. 
In this point women are more akin to the anthropomorphous apes than man, for the 
negative radius coefficient in formula \h) is nearly four times as large. The tibia also 
has a coefficient ahnost double that of the male, and pointing in the same direction. 

(iii.) A comparison of Table V. with Table VT shows us that man and woman are 
in all probability not only differentiated from a common stock directly with regard to 
stature, but also directly with regard to all other long bones. If we use female to 
construct male stature, or male to reconstruct female, we get surprisingly bad results. 
The fact that the formula [k) for female diverges in a direction from that of man, 
which approximates to that of at least one species of anthropomorphous ape, is only 
of course a round-about quantitative manner of indicating, what is obvious on other 
grounds, that a substantial part of the differentiation of male and female took place 
in that part of the history of man's evolution which preceded his differentiation from 
the stock common to him and certain of the anthropomorphous apes. 

(8.) Before we modify our formulae in Tables V, and VI. to suit the reconstruction 
of stature by measurements on prehistoric and other bones, we will put the numerical 
vadues for Mg, M^, Mt, Mh, Mr into these formulae. This will serve a double purpose 
(i.), it will enable us to verify our formulae on lioLLETS material, and (ii.) it will 
place at the disposal of the criminal authorities the best formulae yet available for 
the reconstruction of the stature of an adult of whom one or more members have 
been found under suspicious circumstances. 

Formula for the Eeconstruction of the Stature as Corpse, the Maximum Lengths of 
F, H, R, and of T without Spine being measured with the (;!artilage on and in a 

Humid State,'' 

Table VII. —Male. 

81-231 + 1-880 F. 

70-714 + 2-894 H. 

78-807 + 2-376 T. 

86-465 + 3-271 R 

71-164 + 1-159 (F + T). 

(/) S = 71-329 + V220 F + 1*080 T. 

* The probable error in these and later tables are not reproduced ; they may be considered to be 

substantially the same as in Y. and YI, 



[a) 


S ~- 


('^) 


s = 


{o) 


s = 


(d) 


s = 


(«) 


s = 
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Table VII. — Male (continued). 

(g) S = 67-025 + r730 (H + R). 

\h) S = 69-870 + 2*769 H + '195 R. 

(^) S = 68-287 + r030 F + 1-557 H. 

{k) S — 66-918 + '913 F + '600 T + 1'225 H - '187 R. 

Table VIIL — Female. 

[a) S= 73-163 + 1-945 F. 

(6) S = 72-046 + 2-754 H. 

(c) S= 75-369 + 2-352 T. 

\d) S = 82-189 + 3-343 R 

(e) S = 69-525 + 1-126 (F + T). 

(/) S = 69-939 + 1-117 F+ 1-125 T. 

{g) S = 70-585 + ] -628 (H + R). 

{h) S = 71-122 + 2-582 H+ -281 R. 

{i) S = 67-763 + 1-339 F + 1*027 H„ 

[h) S = 67-810 + -782 F + 1*120 T + 1059 H - -711 R. 

Should the stature of the living be required from the corpse stature, then 
1-26 centim. should be subtracted for the male and 2 centims. for the woman.^ If a 
left member has been measured instead of a right, a small allowance might be made 
for this on the basis of Rollet^s means for the left side, but such refinement is 
hardly of service when we look at the probable error of an individual reconstruction, 
^.e., about 2 centims. We shall return to the point later as a second order error in 
racial reconstruction. 

In order to indicate to the reader the degree of confidence he may place in the 
above formulae of reconstruction, and also their relative value, I give below a table of 
observed and reconstructed statures in the case of 20 out of Rollet's 100 cases. 
The individuals, in order to avoid any bias, were taken at random as the 5th, 10th, 
15th, &c. entries through Rollet's Tables. The observed statures are recorded and 
the differences as obtained by the formulae {a)-{k). Under the heading M, I give 
the differences which would be yielded by M, MANOUVJaiEn's Table. It is formula3 
(/), {h), (i), and (k) on which I should lay most weight, and which should be used 
whenever the material is available. 



* For the reasons for these numbers, see p. 191 below. 
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The first point with regard to these tables is to note how^ even with only ten cases, 
the mean errors accord closely with their theoretical values. For example, the mean 
error of h is 2'31 centims. for male and 2*35 centims. for female when deduced from 
the probable errors in Tables V. and VI.: the observed mean errors in the two cases 
are 2*4 centims. for male and 2*0 centims. for female. The mean of the mean errors 
is for male 2*57 centims., and for females 2*66 centims.; the observed values are 
2*46 centims. and 2*2 centims, for the two sets of ten cases respectively. We con- 
clude at once that our formulae, and therefore certainly any other linear formulae, will 
not give results with a probable error of less than 2 centims. for the individual 
stature. In our case the worst error is one of 8 centims. (about 3 inches) in the 
stature of a man of 47 years of age, who must have had a remarkably long trunk in 
proportion to his leg and arm-lengths. It would be impossible to have predicted 
his stature any closer without taking into account the correlation between stature 
and trunk. The preser\^ation of the vertebral column is comparatively rare, and at 
present there are absolutely no statistics on the relationship between the dimensions 
of any part of it and living stature. We must therefore content ourselves with a 
probable error of 2 centims., and expect, but rarely, to make an error of as much as 
8 centims. in the reconstructing of the stature of an individual. 

We have placed in the above tables M, Manouvrier's results as calculated from 
his ' Table-bareme/ They give somewhat larger mean errors than our formulae, 
which would have been probably reduced somewhat if we had excluded, as he has 
done, the aged. We have seen, however (p. 179), that there seems no reason to 
exclude the aged w^omen, and in the case of the seven men over 60, he actually in 
three cases under«estimates their stature. In other words, while in four cases his 
table might have given better results for adult stature, in three it would have given 
worse results. If we allow a mean old-age shrinkage of 3 centims/'" — an amount 
hardly justified by averaging the adult and old-age portions of Rollet's returns — we 
should find that ManoxjvPvIEr's method would have made a total error of 17 centims. 
in estimating the stature of these seven old men in youth, whereas it gives a total 
error of 16 centims. in estimating their old-age stature. Thus there might, perhaps, 
be a small, but it would not be a very sensible, reduction of the mean errors of the 
results given by Manouvhier's ^ Table-bareme ' had we excluded the old age cases. 

What deserves special notice is that our formula {k) gives a better result than the 
mean of all the formulae {a)~{k), and a better result than the mean of the values 
obtained by Manouvrieh's method for the four long bones. 

(9.) The next stage in our work is to so modify Tables IX. and X. that they will 
serve for the reconstruction of the living stature from bones oict of ivhich all the 
animal matter has disappeared, and ivhich are dry and free of all cartilage. This 

* TMs Yalue is tliat giyen by M. Manouykieb himself, ^ Memoires de la Societe d'Antiiropologie de 
Paris,' vol. 4, p. 356, 1892. 
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is either the condition in which we find the bones of a prehistoric or early race, or it 
is one to which they are soon reduced on being preserved in museum or laboratory. 

The first question which arises is the difference between the mean stature of the 
living and the mean stature of the corpse for both sexes. It is impossible to measure 
this difference satisfactorily on a sufficiently large number of individuals, and then 
take the mean difference. If we suppose Rollet's individuals to be an average 
sample of the French race, then we must place in Tables V. and VI. for Mg on the 
left the mean heights of French men and French women. 

Now there is a considerable amount of evidence to show that the mean height of 
Frenchmen is 165 centims. almost exactly. The anthropometric service of M. Ber- 
TiLLON gives 164*8 centims., and this is the stature furnished by the measurements 
for mihtary recruiting.'^ M. Manouvrier takes 165 centims. as the mean height, 
and as by selecting only twenty of Eollet's cases he gets a mean height of about 
167 centims. for the corpse, he concludes that 2 centims. must be deducted from the 
corpse length to get the living stature. In our case all we have to do is then to put 
Ms = 165 centims. At the same time, Bertillon's numbers probably include many 
men over 50, and the recruiting service man}^ men not yet fully grown ; hence it 
seems to me doubtful whether. 2 centims. really represents the difference between 
living and dead stature. 165 centims. is probably a good mean height for the whole 
adult population,! and should accordingly be compared with Rollet's whole adult 
population, which has a mean of 166*26 centims. I accordingly conclude that 
1*26 centims. is on the average a more reasonable deduction to make in order to pass 
from the dead to the living stature of the general population. In the course of my 
investigations, however, no use is made of this difference, but Mg given its observed 
living value. 

The value for women is far less easy to obtain, as a good series of French statistics 
entirely fails. The mean given in the footnote below is clearly only that of a special 
class. Manouvrier has found from 130 women, between 20 and 40 years of age, 
inscribed in Bertillon's registers the mean height 154*5 centims., and Rahon holds 
that this is the best result yet obtained. J But the mean height of Bollet's material 
is 154*02 centims. (see my p. 180), and, as we have seen, this is not sensibly increased 
by taking only the women in the prime of life (see p. 179, above). If 154*5 centims. 
were the mean living stature of Rollet's women, we should have to suppose a 
shrinkage of stature in women when the corpse is me^asured, whereas in the case of 
men the corpse length is greater than the living stature, RAHOisr, disregarding his 
own statement as to 154*5 centims. being the best value, follows Manouvrier in 
deducting 2 centims. from the stature as corpse to get the living stature. Majstouvrier's 

* ' Memoires de la Societe d'Anthropologie de Paris,' vol. 4, p. 413, 1898. 

t For special classes the stature is considerably greater. See the values 166*8 centims. for male and 
156*1 centims. for female given in the 'Mem. Soc. d'Anthrop.,' vol. 3, 1888. 
J Loc, cit., p. 413. 
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rule for deducting 2 centirns. seems based partly on a comparison of Bertillon's 
measurements for men, with his own selection from. Rollet's material, which give 
mean heights 165 centirns. and 167 centirns. respectivelyj and partly on the measure- 
ment standing and reclining of six men and four women,^ Now the reader should 
notice that in our method of reaching the reconstruction equations, we are not con- 
cerned with the amount to be subtracted from an individual stature, but with the 
mean living stature of the population which Rollet has sampled. Now there is a 
quantity which has very remarkable constancy, namely, the sexual ratio for stature. 
The mean male is to the mean female stature in a great variety of races and classes 
as 13 to 12.t If, therefore, Rollet's women are the same class as his men, we 
should expect their living stature to have had a mean =: yf , that of the men 
= yf (165) = 152*3 centims. We have seen that from the registers of Bertillon 
the mean stature of women between 20 and 40 was 154'5 centims. ; these probably 
include a considerable number of stout tramps or vagabonds, not a fair sample of those 
who would find their way into the Lyons Hospital. Tenon measured in 1783 60 
women of the village of Mussey, and obtained a mean stature of 150*6 centims.| If 
we take the mean of these groups we find 152*55 centims. as the mean stature for 
French women of the lower classes : this difiers bvless than 3 millims. from the result 
already suggested by using the sex ratio. I am, accordingly, inclined to hold that the 
best that can be done at present is to take 152*3 centims, as the mean stature of 
Frenchwomen of the class sampled by Rollet. 

The next stage in our work is to consider the diff'erence in length of the long bones, 
as measured in the dissecting room by Rollet and his assistants, and as they would 
be measured in the case of a primitive race whose bones had been exhumed, and then 
been preserved and dried before measuring. Rollet merely observes that he kept 
several of his bones for some months, and, the cartilage being then dry, they measured 
on the average 2 millims. less.§ On the strength of this, Manouviiiee,,|| and he is 
followed by Rahon, add 2 millims. to the length of each prehistoric bone when recon- 
structing the stature. Now I am doubtful whether this gives a really close enough 
result. Rollet measured the bones in the dissecting room, the cartilages were still 
on, and the animal matter in the bones, but in the case of prehistoric and ancient 
bones this does not at all represent the state of afiiiirs. Nor are they merely such 
bones with the cartilage dry ; the cartilage, together with the animal matter, has 
entirely gone. There are accordingly two allowances to be made (a) for the cartilage, 
and (6) for the disappearance of the animal matter and drying of the bone. 

* ' Memoires de la Societe d'Aiithropologie de Paris/ vol. 4, p. 384, 1892. 
t Rollet's corpse statures give a sexual ratio = 1*079. 

X ^' Notes manuscrites relatives a la stature de rhomme, recueillies par Yillerme," ' Annales 
d^Hygiene,' 1833. 

§ liOLLET, loc. cit.y p. 24. 

Manoutrier, loc. cit., p. 386. 
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(a.) Alloivance for the Cartilage.'^ 

Tlie thicknesses of the cartilages here cited are taken from Heinrich Wernek's 
Inaugural Dissertation, ^ Die Dicke der menschlichen Gelenkknorpel/ BerUn, 1897. 
They are only discussed for the cases required for the long bones as measured by 
RoLLET and used in my reconstruction formulse.t 

Femur. — (i.) Maximum length (" straight ") from top of head to bottom of internal 

condyle (F). 
(ii.) ^^ Oblique" length from top of head to plane in contact with both 
condyles (F'). 

For both we have for articular cartilage at upper end 2 millims., at lower end 
2*5 millims., or the total together of 4*5 millims. This is more than double 
Manouvrier's allowance. 

Humerus, — Length from top of head to lowest point of internal margin of trochlea 
(H). At upper end we must allow 1*5 millims., and at lower 1*3 millims., altogether 
2*8 millims. for articular cartilage. 

Tibia. — The spine is excluded by Rollet. The length is from plane of upper 
surfaces (margins) to tip of internal malleolus (T). In this case the articular carti- 
lage has only to be allowed for at the upper end, and is here 3 millims. 

Radius, — ^The length is measured from top of head to tip of styloid process (R)* 
The allowance must be for articular cartilage at upper end only, and is 1*5 millims. 

(b.) Alloivance for Animal Matter in Bones, 

Here unfortunately I had not the same amount of data to guide me. The best 
hypothesis to go upon seemed to be that a thoroughly dry bone, free from all animal 
matter, would, if it were thoroughly soaked, approximate to the condition of the 
bones measured by Rollet. Brooa, who has written a very elaborate memoir on 
the eifect of humidity in altering the capacity and dimensions of skulls, has referred 
incidentally to the extension of the femur by humidity.j He took three femurs, one 
macerated in 1873, one of the 15th century, and one of the polished stone age. After 
soaking for seven days, he found an increase of 1*5 millims. in the first, 1*5 millims. in 
the second, and 1 millim. in the third. These results, he says, compare very well with 
Weloker's,§ who gives 1'2 millims. for increase of length of femur with humidity. 

It was somewhat difficult to make fresh experiments on a considerable number of 

* The details of this section I owe entirely to my colleague, Professor Gteoege THx\ne, who in this 
matter, as in many others, has given me most ready and generous assistance. 

t On another occasion I may take into consideration the ulna and fibula, but they have nothing like 
the importance for stature of the bones here dealt with. 

% 'Memoires d' Anthropologic de Paul Broga,' vol. 4, pp. 163 et. seq,; p. 195. 

§ ' Ueber Wachstum und Ban des menschlichen Schadels,' p. 30, 1862. Welcker only dealt with one 
male femur, and soaked it for three days. 

VOL. CXCII. — A. 2 C 
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long bones of each kind, but it seemed worth while to measure dry and thoroughly 
humid a bone of each type. A bone of each type was placed at my disposal by 
Professor Thane, and they were measured independently on each occasion by 
Mr. Bramley -Moore and myself. In the one or two instances in which we did not 
agree within *02 millim., the bone was again independently measured. Our results 
were as follows :— 

Table XL--— Lengths of Long Bones, Dry and Wet, in Centimetres^ 





Dry as received. 


24 hours in water. 


120 Lours in water. 


72 hours drying. 


E. 
T. 
H. 
R. 


42-58 
37-41 
34-52 
23-11 


42-79 
37-52 
34-62 
23-20 


42-84 
37-58 
34-65 
23-19 


42-50 
37-37 
34-48 
23-00 



The bones themselves were between 200 and 300 years old.'^ They were only 
allowed to stand two hours for the water to run off before they were measured after 
soaking. In the case of the final 72 hours^ drying, it concluded with six hours in the 
neighbourhood of a stove. The first column may be considered to represent the 
average humidity of bones preserved in a museum ; the last column complete dryness. 
It seems to me that the difference between the first and third column is what we in 
general have to deal with. In this case we have a difference of 



2 '6 millims. 



1'7 millims. 



'3 millims. 



R. 

'7 millim. 



between dry and humid boneSo 

The difference between this result for the femur and Broca's is very considerable. 
I think it is due to the fact that he allowed his bones to dry for 24 hours in a room 
before measuring them. I was much impressed by the rapidity with which the bones 
dried, and their conditions, of course, are very unlike what they w^ould be if containing 
or surrounded by animal matter. It is clear that the extensions due to humidity are 
not by any means proportional to the length of the bone, and it would be quite futile 
to attempt any percentage allowance for the extension due to this cause, the effect of 
which clearly differs with the different structure of different parts of the same bone. 
I have accordingly thought it best to subtract the above quantities from Bollet's 
means, Mx^^, M^, M^, and M^j, and to consider the results so derived as giving the 
means of Rollet's material on the supposition that the bones were dry and free from 
animal matter. Even so I do not think we shall err in over-estimating the difference 
between the lengths of living and dead bone. Making allowances (a) and (6) we 
have finally to subtract from Rollet's results for 

*' Soe additional note, p. 244, 
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7'1 millims. 



Mh. 
4"1 millims. 



i.fjL'j'. 

4*7 millims. 



XVXp. 



ij* 



2*2 millims.., respectively. 



Making these subtractions (which are sensibly different from Matstouvrier's 
allowance of 2 millims. for each bone), we are in a position to find the reconstruction 
formulae connecting living stature with dry bone entirely free of animal matter. We 
have for the French population, if Mg// demotes living mean stature, and Mi,;/, Mj^/, 

:v/, Miv'5 "tl^^ mean lengths of the corresponding dry bones in centimetres : 

Table XII. 





Ms". 


M.F". 


Mh-. 

32-60 
29-36 


Mt". 


Me/'. 


Male .... 
ii'emale .... 


165-0 
162-3 


44-52 
40-86 


36-34 
32-97 


24-17 
21-27 



If we want the mean oblique length of the femur Mi?/, we must follow the rule 
given on p. 184, and we find M.^ = 44*20 for male and = 40'53 for female. M. Rahon 
has mea^sured the lenp^ths of a larg-e collection of lonof bones in the Faculty of 
Medicine of Paris,'''* and he finds : — 

Femur, oblique length, 62 males, mean 44"1 (44'2). 

„ ,, ,, 38 females, „ 39*6 (40*5). 

Humerus, maximum length, 44 males, „ 32'3 (32'6). 

,, „ ,, 39 females, ,, 29'2 (29'4). 

My results are placed in brackets, and it is clear that for these bones the 
allowances for cartilage and animal matter have been very satisfactory ; there has 
certainly been no over-correction, although in the case of the femur our allowance is 
more than thrice, and in that of the humerus more than twice M. Manouvrier's. 

M. Rahon does not give the measurement of the radius, but he does of the tibia, 
and in this case there is undoubtedly some source of error in his result, or in the 
collection. He gives :— T for 53 males, mean = 37*7 ; for 26 female =: 35*7. Now 
.RoLLET^s material for 50 of either sex gives, male mean = 36*8, and female = 33*4, 
without allowance for the cartilage or presence of animal matter. Allowing for these, 
Rahon's measurements are, male, 1*4 centims., and female, 2*7 centims. too large. 
These are errors much beyond those of the determinations, which have probable 
errors of about '17 to '18 centim. Rahon, since he is using Manouvrier's method 
must be supposed to be measuring the tibia in the same manner as Rollet, i.e., with 
the malleolus and without the spine. But even supposing he had included the spine, 



^' Loc, ciL^ p. 413. 

Zl (J jU 
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it could not make this great difference,^'' That there is some substantial error is 
evidenced by the fact that tibias of these dimensions would give a reconstructed 
stature for French males of 168*2 centims. instead of 165 centimes., and for French 
females of 158*9 centims. instead of 152*3 centims, Rahon liimself, on the basis of 
Manouvbier's method, forms the estimates of 166*8 centims. and 159*5 centims. 
respectively, — the latter, at any rate, a quite impossible height for the French female 
population. 

(10.) We are now in a position to write down the reconstruction formulae for 
living stature from dry long bones ; they are the following :— 



Table XIV.— Male. Living Stature from Deadt Long Bones, 

(a) 

(h) 

(o) 
(d) 

if) 

(9) 
(/^) 

(^■) 
(k) 



S= 81-306 + 1-880 F. 

S = 70-641 + 2-894 H. 

S — 78-664 + 2-376 T. 

S~ 85-925+ 3-271 E. 

S = 71-272 + 1-159 (F + T). 

S =: 71-443 + 1-220 F + 1-080 T. 

S = 66-855 + 1-730 (H + E). 

S = 69-788 + 2-769 H + -195 E. 

S = 68-397 + 1-030 F + 1-557 H. 

8 = 67-049+ -913 F + -600 T+ 1-225 H 



•187 E. 



Table XV.—- Female. Living Stature from Deadt Long Bones. 

-844+ 1-945 F. 

-475 + 2-754 H. 

-774 + 2-352 T. 

•224 + 3-343 11. 

•154 + 1-126 (F + T). 

-561 + 1-117 F+ 1-125 T. 

•911 + 1-628 (H + E). 

-542 + 2-582 H + -281 E. 

•435 + 1-339 F + 1-027 H. 

•469 + -782 F + 1-120 T + 1-059 H -- -711 E. 

Remarks. — (i.) If the femur has been measured in the oblique position and not 



(a) 


s = 


= 72- 


(^) 


s = 


= 71- 


(«) 


s = 


= 74- 


(d) 


s = 


= 81- 


(«) 


s = 


= 69- 


(/) 


s = 


^ 69- 


(9) 


s = 


= 69- 


{/^) 


s = 


= 70- 


(^•) 


s = 


= 67- 


(k) 


If fll 


= 67- 

IP fpi 



* Dr. Wabrin found for the Few Race from Egypt the mean length of spine for 86 males 
= -96 centim., and for 115 females = '87 centim. These numbers should be introduced as an addition 
to Mi in Tables V, and YI., when the tibia has been measured including spine. 

t The word " dead " is here used to denote a bone from which all the animal matter has disappeared, 
and which is in a dry state. 



CONTRIBUTIONS TO THE THEORY OP EVOLUTION. 



197 



straight, add '32 centim. for male and '33 centim. for female to the length before 
using the above formulae. 

(ii.) If the tibia has been measured with, and not without, the spine, subtract 
'96 centim. for male and '87 centim. for female from the length before using the above 
formulas. 

(iii.) The above formulae have been determined from the right members; a small 
error, of the second order as a rule, arises when the left is used. The following 
numbers are determined from Rollet's measurements ; they give the amount to be 
added to a left bone when it is used in the formulae :-- - 





Femur. 


Humerus. 


Tibia. 

+ •18 
+ •09 


Radius. 


Male 

ll^eniale 


-•04 
+ •03 


+ •42 
+ •51 


+ •28 
+ •19 



The femur change is insignificant. In most statements of lengths the rightness or 
leftness of the bone is not given, and hence, no correction can generally be made for 
an individual. The error will, however, be hardly sensible except in the case of the 
humerus and radius. If a considerable number of bones have been, averaofed, 
probably half may be looked upon as right and half left, and in this case half the 
above corrections may be added to the average. In any case, it is probably only the 
estimate based on the humerus and radius which need to be corrected in this manner. 

Even here it is a problem how far there is a racial character in this right and lefb- 
sideness. Results due to Callender, Roberts, Garson, Harting, and Raymond a UD 
are cited by Rollet {loc. cit,, pp. 53-60), but being based either on very few cases, 
on measurements on the living, or on unsexed material, they are not of much service 
for our present purpose. Results of much greater value for racial comparison have 
been given by Dr. Warren for the Naqada race ('Phil Trans.,' B, vol. 189, p. 135 
et seq,). He finds : — 





Femur. 


Humerus. 


Tibia. 


Radius. 


Male 

Female 


•11 

•16 


+ •34 

+ •57 


•08 
-•105 


+ •20 
+ •305 



Dr. Warren's results are for the oblique femur, and from centre to centre of the 
articulate surfiices in the case of tibia and radius. Thus they are not directly com- 
parable with the results for the French. On the whole, if the bone is stated to be 
left, we may add '45 for the humerus and '25 for the radius, leaving the femur and 
tibia unaltered. These additions are approximately the same for both sexes. 
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(11.) Before we proceed to apply the formulae in Tables XIV, and XV. to the 
general reconstruction of stature, it is desirable to obtain some measure of confidence 
in the application of the formulae. We require to test them by finding what sort of 
results they give for a second race.^^ That race ought to be as widely divergent from 
the French as possible, but one in which the stature as well as the measurement of 
the long bones is known. There are. I believe, no other measurements than those of 
EoLLET, in which both the stature and lonof bones have been measured on the same 
individuals. A fairly complete series of measurements of the long bones of the Aino 
have, however, been made by KoaANEi, and he has also determined the mean living 



^ There is very little detail for verification of our results even in tlie same race. M. Manouvrjer 
gives tlie dimensions of seven men, six of whom were assassins (see p. 387 of loc. cit, in footnote, p. 171 
above). I have reconstructed the statures of these seven individuals from our ten formulse with the 
following results : — 









Assassins. 


A.B. 

ISTame 
unknown. 


Math B LIN. 


Sellier. 


Kaps. 


Riviere. 


Gamahut. 


Alorto. 


Long bones: — 
E. 
H. 
T. 


50-12 
35-4 
48'3 
27-6 


45-22 
32-6 
36-4 
241 


44-52 
31-9 

37-7 

24-4 


44-72 
32-8 
35-3 
23-8 


42-72 

30-5 

37-6 

24-7 


44-82 

33-3 

36-3 

24-5 


39-52 
29-8 
33-4 
22-1 


Stature : — 

(6) 

id) 
(e) 
(/) 

(h) 

(i) 
(k) 


175-5 
173T 
181-6 
176-2 
179-6 
179-3 
175-9 
173-2 
175-1 
1770 


166-3 
165-0 
165-2 

164-8 
165-9 
165-9 
165-0 
164-8 
165-7 
165-6 


165-0 
163-6 
168-2 
165-7 
166-6 
166-5 
164-3 
162-9 
163-9 
164-8 


165-4 
165-6 
162-5 
163-8 
164-0 
164-1 
164-8 
165-3 
165-5 
164-8 

164-6 


161-6 

158-9 
168-0 
166-7 
164-4 
164-2 
162-4 
159-1 
159-9 
161-4 


165-6 
167-0 
164-9 
166-1 
165-3 
165-3 
166-8 
166-8 
166-4 
166-2 


155-6 
' 156-9 
158-0 
158-2 
155-8 
155-7 
156-6 
156-6 
154-9 
155-5 


Mean . 


176-7 


165-4 


165-2 


162-7 


166-0 


156-4 


Actual . 


180-0 


173-4 


171-7 


168-3 


165-2 


160-9 


156-6 


Difference . 


3-3 


-8-0 


6-5 


2-5 


+ 5-1 


0-2 



While the means of the whole series of formulee agree very closely with the results of (/b), they diifer 
very markedly from the actual statures. I do not know under what conditions the long bones or the 
statures were measured. A suggestive but somewhat hasty conclusion (failing more data) would be 
that the average assassin is tall (170 centims, against the general French population of 165 centims.), 
but his limbs are relatively short, i.e., he is long of trunk. Anyhow, the divergence is noteworthy. 
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stature from a fairly large series of living Individ iials."^^ Now the Aino are a race 
widely divergent from the French, and therefore, although the stature and long bones 
are not measured on the same group, we are likely to get a very good test of the 
safety with which we can apply our stature results from, one local race to a second. 
The stature, as measured by Koganei on 95 living males, was 156*70 centims., and 
on 71 living females, 147'10 centims. The long bone measurements were made on 
20 to 25 female and 40 to 45 male skeletons, not quite from the same districts as the 
living groups. The maximum length of the long bones is given in the paper by 
Miss Lee and myself, 'Roy. Soc. Proc.,^ vol. 61, pp. 347-8, and accordingly allowance 
must be made for the spine in the case of the tibia. We then have the following 
values for insertion in Tables XIV. and XV. :— - 





i^'emur. 


Humerus. 


Tibia. 


Radius. 


Eerriale ...... 


40-77 
38-20 


29-50 

27-72 


32-93 
30-99 


22-91 

21-08 



Table XVL — Reconstruction of Aino Stature. 





Male. 


Female. 


Pormiila. 


„ , , . .. , ...... , .. ,, , .,.,_ 








Calculated value. 


Difference. 


Calculated value. 


Difference. 


(a) Male .... 


157-95 


4-1-25 


153-12 


4 6-02 


(6) „ . . . . 


156-01 


0-69 


150-86 


4-3-76 


(c) „ . . . . 


156-90 


4-0-20 


152-30 


4-5-20 


(d) „ . . . . 


160-90 


4-4-20 


154-88 


4-7-78 


(e) „ . . . . 


156-69 


-0-01 


151-46 


4-4-36 


(/) » • . . • 


1.56-75 


4-0-05 


151-34 


4- 4-24 


(9) „ . . . . 


157-52 


4-0-82 


151-28 


4-4-18 


(h) „ . . . . 


155-94 


--0-76 


150-65 


4-3-55 


(i) „ . . . - 


156-32 


-~0-.38 


150-90 


4-3-80 


(ft) „ . . . . 


155-90 


0-80 


150-53 


4-3-43 


Observed .... 


156-70 





147-10 





(a) Eemale . . . 


152-14 


4-56 


147-14 


-f 0-04 


(h) „ ... 


152-72 


--3-98 


147-82 


4-0-72 


(c) „ ... 


152-33 


--4-37 


147-66 


4-0-56 


(d) „ ... 


157-82 


-T-1-12 


151-69 


4- 4-59 


(e) „ ... 


152-14 


4-56 


147-06 


0-04 


(/) „ ... 


152-14 


4-56 


147-18 


4-0-08 


(g) „ . . . 


155-23 


-1-47 


149-36 


4-2-26 


(h) „ ... 


153-15 


---3-55 


148-04 


4-0-94 


(0 „ . . . 


152-32 


-4-38 


147-05 


0-05 


(ft) „ ... 


151-14 


-5-56 


146-48 


0-62 



^ " Mittlieilungen aus der Medicinisclien Facultat der k. Japanischen Universitat," vol. 2, I. and II., 
Tokio, 1893 and 1894. 
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Several results may be noted with regard to this table : (i.) In the first place let 
us compare our results with those which would be given by M. Manouvrier's 
Tableau II. "^ Corresponding to our cases (a), (?>), (c), (d) he would obtain :— 





Male. 


Female. 


Calculated value. 


Differ e lice. 


Calculated value. 


Difference. 


(«) • 

(h) 

(c) 

(d) 

(/) 

(h) 

(*■) 

w 


156-80 
152-47 
155-59 
161-13 
156*19 
156-80 
154-63 
156-50 


40*10 
4-23 
1*11 

4-4*43 
0*51 

40*10 
2*07 
0-20 


145-36 
146 86 
147-32 
153*08 
146-34 
149-92 
146*11 
148*15 


•™»1*74 
0-24 

40*22 

45*98 
0-76 

42*82 
0-99 

4-1-05 


Observed .... 


156-70 





147'10 






Here (/), (/i), (i)^ and (k) are obtained by taking means of the results for the 
single bones. Comparing the first four formulae with my first four, M, Manouvrier 
has for male a mean error of 2*47 centims. against my 1*58 centims., and for the last 
four a mean error of '72 centim. as against my '50 centim. His error in stature, as 
deduced from the male humerus, is greater than my error from the radius even. In 
the male measurements M. Manouvrier has a mean error of 2*04 centims. against 
my 1*48 centims. in the first four results^ and one of 1'40 centims. against my 
•42 centim. in the last four results. 

But these results by no means represent the full advantage of the present theory. 
An examination of the results shows us the formulaa give good, i.e., consistent results 
except in the case of the radius. Here it is that the greatest difterentiation has 
taken place, very possibly owing to the direct selection of other long bones. Our 
general principles (p. 177) accordingly suggest that we should omit the results for this 
bone from our consideration. The best formulas then to use will be (e), (/), and (i) ; we 
shall then have a mean error of *! 5 centim. for male and '06 centim, for female-— a better 
approximation to the true stature could not possibly be reached. M. Makouvrier^ 
by the process of means, would have deduced from the same three bones a male 
stature with an error of 1*75 centims. and a female stature with one of '59 centim. 

Dr. Bbddoe's rulet would give for male Aino 155%3 centims., and female Aino 
146*6 centims., or errors of 1'4 centims. and '5 centim. ; in this case not as great as 
those of M. Manouvrier, but still sensibly greater than our (e), (/), or (i). 

The accordance obtained between the formulae for reconstruction which I have given. 



'^ Loc, cit.^ tables at end of Memoir. 

t ' Journal of tlie Antliropological Institute,' vol. 17, 1887, p. 205. 
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and the actually observed stature in the case of such a diverse race as the Aino 
ought, I think, to give considerable confidence in their use, 

(ii.) I have also inckided in the table the results for the male Aino, calculated 
from female formulae, and for the female Aino, calculated from the male formula). 
The reader will perceive at once that sexual differences are immensely greater than 
racial differences — that it v^ould be perfectly idle to attempt to reconstruct female 
stature from male formulae, or vice versd. Exactly the same order of divergences 
are obtained if we endeavour to reconstruct French female from male formulae, or 
vice versd, and we concluded that French men and French women are more 
differentiated from each other than French of either sex and Aino of the same sex, 
at any rate, in the relations between stature and the long bones. It is noteworthy 
that the only instance in which the formula for one sex gives even approximately 
the stature of the other, is in the case of the female formula applied to find the male 
stature by means of the length of the radius. In this case we get a better result 
than from the male formula itself Now this is peculiarly significant, for it is in the 
radius that the most marked differentiation between French and Aino has taken 
place ; and in this respect the Aino male approaches nearer to the French female 
than to the French male. We must therefore conclude that while the sexes are 
widely differentiated from a common stock, still in respect of radius the females of a 
highly civilised race like the French, and the males of a primitive race like the Aino, 
are even closer together than the males or the females of these two races for this 
special bone. The agreement between the same sex in two different races, however, 
is generally far closer than between different sexes in highly civilised and primitive 
races. 

(12.) Having taken an extreme case of divergence in man and tested the confidence 
that may be put in our reconstruction formulae, it will not be without interest to see 
the amount of divergence in the formulae when we apply them to allied species. 
Stature is, of course, a very difficult character to deal with w^hen we are considering 
the anthropomorphous apes, and it would be idle to think of going beyond a round 
number of centimetres. But even here the agreements and disagreements are so 
remarkable that they appear to furnish material on which certain quantitative 
statements with regard to the general lines of evolution can be based, and further 
they suggest that the regression formulae for the long bones among themselves "^^ 
open up quite a new method of attacking the problem of the descent of man. Like 
the rest of the material in this paper, the considerations of the present paragraph 
must be looked upon as suggestions for new methods of research. I have taken what 
material was at hand and not endeavoured to form comprehensive statistics. The 
methods are illustrated on stature, but they are equally applicable to the regression 
formulae connecting any characters or organs whatever. 

^ I hope later to deal at length with the regression formulae foi the long bones of man and 
apply them to the anthropomorphous apes, placing stature entirely on one side as a quantity very 
difficult to measure. 
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The following table, here given in centimetres^ is taken from Humphry^s work/^ 

Table XVIII. — Stature and Long Bones of Anthropomorphous Apes. 



Oliimpanze 
Orang . 
(xorina . 



VT 



O. 



4 
2 
3 




emiir. 



3P52 



Humerus, 



31-01 
35-60 




25-40 
23-41 
28*70 



Radius. 



27-90 
35-60 
32-79 



The sexes are not stated, and the results are all mean results for the numbers 
given. The stature is probably exaggerated rather than understated, and must 
have been difficult to estimate. It might seem at first siglit idle to apply the 
stature reconstruction formulae for many to such data, but as we shall soon see it is a 
question of coming within 10 or 20 centims. of the true values in all but a fevf cases. 
I have calculated the followinor table from the reconstruction formulae for both sexes 



m man, :~ 



Table XIX.— Reconstructed Stature of iknthropomorphous Apes. 



Eor inula, 
(a) Male . 


Obimpanze. 

V 


Oraug 
132 


+ 20 


Gorilla 


b. 


1 

i 

141 1 


+ 14 


148 


+ 1 


('■') „ ■ 


160 i 


+ 33 


174 


+ 62 


193 


+ 46 


(c) „ ■ 


139 ^ 


+ 12 


13^. 


+ 2'^. 


147 





(d) „ . 


177 


+ 50 


203 


+ 91 


193 


+ 46 


{e) „ 


137 


+ 10 


130 


+ 18 


145 


2 


(/) ., • 


137 


+ 10 


130 


+ 18 


146 


1 


(g) ,> • 


169 


+ 42 


190 


+ 78 


196 ] 


4- 49 


(h) „ . 


161 


+ 34 


175 


+ 611 


193 


+ 46 


(i) „ • 


149 


+ 22 


152 


+ 40 


170 


+ 23 


Observed . 


144 

127 
134 


+ 17 


+ 7 


143 
112 

125 


+ 31 


+ 13 


162 
147 


+ 15 





(a) Female 


142 


5 


W „ 


157 


+ 30 


169 


--57 


■ 188 


+ 41 


(c) „ 


135 


+ 8 


130 


+ 18 


142 


5 


(d) „ 


174 


+ 47 


200 


+ 88 


191 


+ 44 


(e) „ 


133 


+ 6 


126 


+ 14 


141 


- 6 


(/) ,> 


133 


+ 6 


126 


+ 14 


141 


6 


(.9) >. 


166 


+ 39 


186 


+ 74 


192 


+ 45 


(^0 „ 


158 


+ 31 


172 


+ 60 


189 


+ 42 


W 


141 


+ 14 


140 


+ 28 


158 


+ 11 


(fc) „ 


134 


+ 7 


127 


+ 15 


148 


+ 1 



'^ 'A Treatise on the Human Skeleton,' Cambridge, 1851, p. 106. It is, perhaps, needless to remark 
that' the gibbon gives stature results quite incomparable with those for man. 
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Now we see that, if the gorilla be put on one side, there is no approach to 
accordance between the calculated and observed statures'"' in the case either of the 
chimpaiize or orang for any of the ten formulae. We conclude therefore, that if 
man and the chimpanze and orang have been derived from a common stock, they 
must have been directly selected with regard to stature and with regard to the 
lengths of the four chief long bones. In the case of the gorilla we notice, however, 
a remarkable accordance between the observed stature, and that calculated from the 
male reconstruction formulae in the case of man, when we use only formulae involving 
the femur and tibia. It would thus appear that if man and the gorilla have been 
differentiated from, a common stock, they have been directly selected in the same 
manner so far as femur and tibia are concerned, but in different directions when we 
consider humerus and radius — -we are here referring only to the lengths of these 
bones. Re-examining the results for the male formulae from the standpoint of 
cori'espondence in the femur and tibia between the gorilla and man, we see that the 
chimpanze comes nearer to man than the orang ; the lengths of the femur and tibia 
have been modified in the former, but not to such a marked degree as in the case of 
the latter. Turning to the female reconstruction formulae we notice in (ci) to (k) for 
the chimpanze and orang an accordance between the observed and calculated statures 
which is some 3 centims. to 6 centims. better, although still very poor. The reason 
for this is obvious, the stature of the woman for the same length of long bone is 
3 centims. to 6 centims. shorter than that of man, and accordingly the female formulae 
must give slightly better results than the male formuh© when applied to the anthropo- 
morphous apes^ which have for the same length of bone a markedly shorter stature 
than man. In the gorilla we have over-corrected the stature so far as femur and 
tibia are concerned by using the female formulae. One point, however, is of very 
great interest : while the female formulae for humerus, radius, or for humerus and 
radius give very bad results, even worse for the gorilla than they do for the 
chimpanze, yet the female formula for femur and humerus gives a sensibly better, 
and that for all the long bones a markedly better result for the stature than the 
corresponding male formulae. The difference here is not the 3 centims. to 6 centims. due 
to sex. The improvement in the result when we apply the female formulae for all four 
long bones to the estimate of the stature of the gorilla, is noticeable also, if to a 
lesser degree, in the cases of the chimpanze and orang. We may sum up our 
results as follows :— 

(a.) Man is apparently differentiated from the chimpanze and orang by direct 
selection of stature, but this direct selection appears to be small in the case of the 
gorilla. 

^ If the chimpanze and orang be treated as " dwarf men," and tlieir statures estimated in the manner 
indicated on p. 224 below, the femur and tibia give statures, F, 115*5, 105*0 ; T, 118*0, 112*5 respectiyely, 
nearer the actual values, in fact too small, but the radius and humerus still give values far too great. 
The stature of the gorilla as estimated from femur and tibia in this manner now becomes far too smail. 
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(6.) Man and the gorilla appear to have followed common hnes of differentiation 
from a common stock in the case of the femur and tibia, but the differentiation on 
vvhich they have Dot follov^ed commonlines has not been that of radius and humerus 
alone, or (k) would have given good results. 

(c.) Other organs closely correlated with stature beside the four long bones nmst 
have been differentially modified in the case of the chimpanze and orang, or (k) 
would still have given good results. 

(d.) The accordance between the result given by female (k) and the observed 
stature of the gorilla, and the want of accordance in all other formulae, seems to 
show that woman has been principally differentiated by these four long bones from 
the common stock, while man has been differentiated in other organs highly 
correlated with stature. For example, the differentiation in pelvis may be much 
greater. 

So far as I am able to draw a conclusion from the few data at my command, the 
correlation of radius and humerus with stature appears to be negative for the 
chimpanze and orang, while it is positive for the gorilla and man. The negative 
character of the partial correlation coefficient for the radius in (k) seems to be a 
relic of this stage of evolution, and it is much more marked in woman than in man. 

The above statements must not be taken as dogmatic conclusions ; they are only 
suggestions of the manner in which the regression formulae can possibly be applied to 
the problems of evolution. They are no more weighty than the very slender 
material''' on which they are based. But they may suffice to indicate how a method 
of quantitative inquiry might be applied to ascertain more about the relationship of 
man to the anthropomorphous apes, so soon as a sufficient amount of data concerning 
the dimensions of the organs of adult apes has been collected^ and reduced to 
numerical expression. 



'^' In order to verify Sir Gr. Humphry's measureinentB, I have gone tlirougli the cafcalognes, so far as 
published, of the German anthropological collections, a,nd extracted the measurements of all adult 
anthropomorphous apes. Unfortunately I could only find one adult chimpanze ; the sex was as often 
as not not given. I find : 





No. 


Stature. 


Femur. 


Humerus. 


Tibia. 

28'19 

22-57 


Hadius. 


Gorilla . « , . 
Orang . , = . 


7 
9 


144-2 
119-9 


35-51 

26-52 


41-83 

34-34 


.33-91 
34-10 



A better agreement with the results cited, p. 202, could not have been expected, or wanted. Thus our 
data give racial and not random characters. 
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(13.) PalcBolithic Man. 

I am indebted to the memoir of M. Rahon'^' for the details of all the individuals 
that are classed under this heading. I presume that in measuring the tibia he has 
not included the spine, as his formulae are, like mine, based on its exclusion. I have 
further allowed for the fact that he used the oblique length of femur, while I require 
the maximum lengths Unfortunately we have only five cases to base our estimate 
upon. 



Neanderthal Man. 






h' — 44-52, H = 


31-2, R — 24-0. 




We find for stature from : 






(a.) (&.) (d.) 


(h.) (i) 


Mean 


165-01 160-94 163-46 


162-83 161-59 


162-96 



Rahon gives 161 '3 centims. (but I think he ought to have given 165*2 centims., 
as Ids femur estimate is incorrect) and ScHAAFFHAUSENt 160vl centims., so that our 
estimate diverges by 2 centims. to 3 centims. 

Man from Spy. 

= 43-32, T =: 33-0. 



We find for stature from : 








{a.) 


(c.) 


(/) 


Mean 


162-75 


157-07 


160-26 


160-33 



Rahon gives 159*0 centims. 

Man from Clay at Lahr, 

The length of the femur here is doubtful, but it is said to have been between 45*0 
centims. and 46*0 centims. If we take the mean value, the probable stature was 
166-85 centims., and the maximum value would only be 167*79 centims. Rahon" 
gives 170 centims., using ulna as well as femur. I have not worked out the stature- 
ulna correlation, but, if this bone is at all akin to the radius, it will give very exag- 
gerated results for primitive man. 

Mem of Chancelade. 

F = 40-8, H = 30-0, R = 23-6. 

(a.) (6.) (d.) (L) (i.) 

158-095 157-46 163-125 157-46 157*13. 

Here again the radius gives clearly an exaggerated result. The mean is 

^ * Memoires de la Societe d'Anthropologie de Paris,' 1893, p. 414 et seq, 

t " Der E'eaiidei'tlialer Fund," * Deutscbe Anthropologisclie Gesellscliaft,' 1888. 
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158*7 centims.j but, neglecting {d,)^ I am inclined to take tlie best value as 
157*5 centims, Rahon gives 159*2 centims« Manouvrier {loc. cit., p, 391) is 
inclined from the general character of the bones to consider the stature as deter- 
mined from the ulna and radius to be the better estimate, and even thinks this 
troglodyte may have been 165 centims. Judging, however, from other primitive 
races, I should expect the arm bone estimate to exaggerate the stature, and prefer 
my estimate of 157*5 centims. 

Man of Laiigerie, — -All we know here is the length of the femur z= 45'1 centims. 

The probable stature is accordingly 166' 1 centims. Topinard gives it as 

168*5 centims., and Rahon at 164*9 centims. 

Taking the mean of the best values for the above five cases we have : — 

Probable stature of palaeolithic man :=: 162' 7 centims. All the above cases are 

supposed to be males. Considering that it is more probably the massive bones which 

have survived, we must hold that palaeolithic man was shorter than the modern 

French population, but was taller than the men of Southern Italy (156 centims. 

to 158 centims.), and about the mean height of the modern Italian male population^ 

^.6., 162 '4 centims. 

(14.) Neolithic Man, 
(a.) Great Britain, 

We have not very much data to build upon here. Dr. Beddoe^ gives the length 
of twenty-five male and five female femora. Converted into centimetres, we have 

Male F (25), 45*72 centims. hence probable stature j male, 167*3 centims. 
Female F (5), 41*53 ,, from (a) 1 female, 153*6 ,, 

Dr. Beddoe's estimates, male 170*2 centims,, and female 156'3 centims., are, I 
think, much too hig^h. The sex-ratio is 1'089. 



(&.) France and Belgium. 

The following data have been drawn from Kahon {Iog. cit.^ pp. 418 et seq.), the 
numbers in brackets in the left-hand corners denoting the numbers upon which the 
average lengths of the bones are based. 





E, 


PL 




T, 


1 

t 

R. 


Male. . . . . . 

Female ..... 


(127) 

43-99 

(53) 

40-105 


(127) 

31-085 

(79) 

28-58 


(133) 
(45) 


35-87 
33-11 


(49) 
(18) 


23-54 
21-76 



* * Journal of the Anthropological Institute,' vol. ] 7, 1887, p. 209, 
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We find : 



Stature of Neolithic Man. 



Formula. 


Male. 


Female. 


(&) 

(c). 

(d) 

(«) 
(/) 

(9) 
(h) 

(i) 
(h) 












164-01 
160-60 
163-89 
162-92 
163-83 
163-85 
161-36 
160-45 
162-11 
162-41 


150-85 
150-18 
152-65 
153-97 
151-59 
151-61 
151-86 
150-45 
150-49 
150-71 


Mean . . 


162-54 


151-44 



Sexual ratio c?/$ = 1*073. 

So far, then, as we have material to judge by, there appears to be no sensible difi'e- 
rence between Continental palaeolithic and neolithic man ; they corresponded very 
closely to the modern Italian in stature. 

On the other hand, if we compare British with Continental neolithic man, we find, 
judging even from femora only, a very sensible difierence in stature. Neolithic man 
in Britain was taller probably than the modern Frenchman, and markedly taller than 
neolithic man in France. 

(c.) This leads us to consider one or two special classes of neolithic bones, for it 
must be remembered that probably as many neoHthic races existed in Europe as we 
find races existing in historic times. In the first place, we have the big bones of the 
Cro-Magnon man/ F = 48-32 centims., T= 39*5 centims. These give for the stature : 



(a.) 
172-15 



(c.) 
172-52 



173-06 



173-05 



Mean. 
172-70 



which is a centimetre greater than Eahok's estimate^ seven less than Rollet's, and 
seventeen less than Topinard's. This man was undoubtedly tall, but cannot be taken 
as a type of his race. The second Cro-Magnon skeleton gives us H = 32-1 centims., 
T = 37 '5 centims. from which we find from : 



(6.) 
163-54 



(c.) 
167-76 



Mean. 
165-68. 



This is also taller than the average neolithic man, but much below the other skeleton. 



* As carefully determined by Rahon (loo. cAt., p. 421). 
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Two homogeneous series of neolithic bones are given by M. Majstouvrieii in a paper 
entitled: ^' Etude des Cranes et Ossements humains recueillis dans la Sepulture 
Neolithique dite la Cave aux Fees, a Brueil/^"'' and deserve separate consideration. 
We find : 




1 have deduced the followinp' results : 



Formula. 

(a) 

(i) 
(o) 
(d) 

(f) 

(K) 

(^ 
(h) 


Male. 


Female. 


Brueil. 


Mureaux. 

164-98 
161-69 
162-01 
166-59 
163-52 
163-63 
163-89 
161-70 
163-23 
162-67 

163-39 


Brueil. 

147-98 
149-99 

155-04 

152-27 
150-36 
148-44 

8 & 


Mareanx. 


159-83 
159-95 
162-30 
165-05 
160-48 
160-42 
162-09 
159-96 
159-47 
159-58 


151-38 
152-06 
154-37 
153-33 
152-73 
152-74 
152-66 
152-15 
151 55 
152-60 


Mean . . 


160-91 


150-68 


152-56 



The corresponding mean values given by M. Manouveier are : 161-2, 163*8, 150*2 
and 154 '3, of which only the last diverges sensibly from mine.t I should be inclined 
to omit the results obtained from (d) as excessivOj only the larger radii surviving. 
To do so would not much alter my means, based on ten results, although it would 
more sensibly modify M. Manoitvrier's. 

The sexual ratios for the two groups are :~ 



* " Memoires de la Societe des Sciences naturelles ... de la Oreuse," 2® Serie, vol. 3, 1894 
(2^ Bulletin). 

t The agreement is surprising, considering that M. ManouTRIER worked only from half my data, and 
allowed very differently for the drying of the bones. 
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Bmeil c?/? = 1-068. 



Mureaux c?/? == 1*071, 



both less than the result we have obtained for the g^eneral averages of neolithic man. 
Probably we have here to do with local races, but M. Manoxjvrier considers it just 
possible that the very different environment at Brueil and Mureaux may account for 
the differences. 

Neither of these groups has a stature equal to that of the modern Fi^ench 
commonalty, although the Mureaux group approaches it somewhat closely. The 
modern British far exceed in stature their neolithic landsmen, and we have thus no 
evidence at all in favour of a giant stature for prehistoric man. He seems to have 
been markedly shorter than the taller races (English-Scandinavian) of to-day. Slightly 
taller than the Aino, he can be compared with the Italians, who appear, as we go 
southward, to closely represent him in stature. 



(15.) Other Early Races, 

In this group I propose to include a number of prehistoric or protohistoric races 
of whom we know very little. Their stature is considerably greater than that which 
we have determined for Continental neolithic man, though sensibly below that of 
British neolithic man. The data are extracted from Rahon's memoir, and modified 
to suit the formulae of this investigation (see his pp. 431, 438 et, seq.). 



Race. 


P. 


H. 


T. 


R. 


Dolmen-builders, India, male . . . 

,, „ ,, female 
,, ,, Algeria, male . . 
,, „ ,, female . 
,, ,, Caucasus, male . . 
5, ,, „ female . . 


(3) 

45-81 

(1) 

42-93 

(16) 

45-32 

(8) 

40-^3 

(7) 

44-92 

(1) 

41-3 


(1) 

32-5 

(16) 

319 

(o) 

28.8 

32-4 

(1) 

29T 


(3) 

35-3 

(1) 

33-3 

(12) 

38-0 

(9) 

33-8 

(3) 

34-6 


(1) 

24-5 

• • 

(15) 

23-8 

(4) 

24-6 

• • 


Guanches, Group L, male .... 
,, ,, femaJe .... 
,, Groap II., male .... 

,, ,, female 


(87) 

45-52 

(90) 

IT -33 

(76) ; 

45-22 : 

(33) i 

41-03 


(60) 

32-8 

(92) 

30-1 

(81) 

e32-5 

(34) 

29-G 

1 


(79) 

37-7 

(58) 

. 34-7 

(75) 

37-6 

(20j 

34-4 


(30) 

24-7 

(32) 

22T 

(56) 

24-6 

(10) 

22T 



While the dolmens of India and Algeria appear to belong to the Stone Age, those 
of the Caucasus belong to the first Iron Age. 
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The series from, these dolmens is very small. On the other hand the Guanch 
series are both very complete. The first are drawn from the IVlusee Broca, and the 
second from the Museum d'Histoire Naturelle (see Rahon^ loc, cit., p. 446), both at 
Paris. Although the first series comes from a single locality, and the second from 
several localities, the results are in good agreement. The following statures have 
been found from our formulae :— 



Formula 
used. 


Dolmens, 
India. 


Dolmens, 
Algeria. 


Dolmens, 
Caucasus, 


Guanclies, 
Group I. 


Guanclies, 
Group II. 


Male. 


Female. 


Male. 


Female. 

152-26 

150-79 

154-27 

153-19 
153-19 

• « 

151-68 

« e 

152-56 


Male. 

165-76 
164-41 
160-87 
166-89 
163-44 
168-61 
165-46 
164-30 
165-11 
163-91 

164-83 


Female. 


Male. 


Female. 


Male. 

166-32 
164-70 
168-00 
166-39 
167-26 
167-22 
165-64 
164-58 
165-58 
166-11 

166-18 


Female. 


(a) 

(6) 

(«) 
id) 

(e) 

if) 

ig) 

ih) 

(0 
(h) 


167-48 
164-70 
162-54 
166-06 
165-28 
164-86 
165-46 
164-56 
166-18 
165-29 

165-24 


156-34 

153-10 

154-99 
155-01 

« « 

• • 

• ft 

« • 


166-51 
162-96 
168-95 
163-77 
167-84 
168-37 
163-22 
162-76 
164-75 
165-85 

165-50 


158-17 
151-62 

9 « 
« 3 
3 » 

152-62 

e 


166-88 
165-56 
168-24 
166-72 
167-72 
167-69 
166-33 
165-43 
166-35 
166-79 


158-28 
154-37 
156-39 
155-10 

154-76 
154-76 
154-92 
154-47 
153-69 
154-82 

154-65 


152-65 
152-99 
155-68 
155-10 
154-09 
154-09 
154-08 
153-18 
152-77 
153-72 

■ 


Mean . . 


154-86 


152-47 


166-77 


153-83 


Sexual 1 
ratio J 


1-067 


1-085 


i 

1-078 1-078 

1 


1-081 



The first point to be noticed about this table is the confidence it inspires in 
formula (k). Whenever the series is in the least extended, formula (k) gives a result 
sensibly identical with the mean of all ten formulaG. 

M. Rahon's means for the eight groups are not very divergent from mine, he 
gives :~ 

166-0, 154-8; 1657, 153-2; 165'3, 154'4; 166^0, 155'4; and 165-9, 154-3, 

He thus does not make quite such a sensible distinction between the Guanches and 
the Dolmen-builders as my numbers seem to indicate. It is curious that these three 
groups of Dolmen-builders should stand so close together, and also comparatively 
close to the Guanches. The Dolmen-builders must have been as tall as the modern 
French, while the Guanches were probably slightly taller. Both were of greater 
stature than neolithic man in France, approaching more nearly the neolithic man of 
Britain. 

The sexual ratio in the first and third cases cannot be considered of an}^ weight, 
as the female data contain only single individuals. 
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(16.) Stature of the Naqada Race from Upper Egypt, 

9 

This race dates from about 4000 B.C. Its orgin and locus have been discussed by 
Professor Flinders Petrie in "Naqada and Ballus," 1895, and an elaborate series 
of measurements made on the long bones by Dr. Warren ; see ' Phil. Trans./ 
B, Vol. 189, pp. 135-227, 1897. 

The measurements suited to our reconstruction Tables XIV. and XV. are :^ 







F. 




H. 

(62) 

3262 


T. 


R. 


Male .... 


(80) 

45-93 


(85) 

37-97 




(47) 


25-70 


Female . . . 


(113) 

42-63 


(97) 

29-87 


(115) 


34-96 




m) 


23-33 


Whence 


we ded 


uce for the stature : 










1 

Male. 


Bones used. 




Female. 








165-04 


H 




153-74 








16513 : H & R 




154-23 








166-61 i H & F 




155-19 








166-93 1 H, F, R & T 




155-02 








167-66 F 




155-76 








167-79 H -f" R 




156-53 








168-49 


F &T 




156-51 








168-5 


F + T 




156-93 








168-88 


T 




156-99 








16999 


R 




159-21 




* 




167-5 




Mean 






156-0 







Had we used M. Manouvrier's '' Tableau-bareme," we should have found :t 



Male. 


Bone. 


Female. 


166-4 
167-0 
164-7 
171-5 


F 
T 
H 
R 


155-4 

156-0 
154-5 
161-7 


167-4 


Mean 


156-9 



* The numbers in brackets to tbe left indicate the number of bones used to form the average, 
f Here, as in other cases, the reader must remember before entering the '* Tableau-bareme,'* to correct 
from the maximum to oblique femur length. 

Zi jh j^ 
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While M. Manouvrier's male mean does not differ widely from ours, his female 
mean is '9 centim. greater. His range for male stature covers 6*8 centims., and for 
female stature 7'2 centims., as compared with our 4'9 and 5*5 centims. respectively. 
But the amount of this range in both cases is very significant considering the large 
number of bones averaged. While our formula3 applied to the Aino gave very self- 
accordant results except in the case of the radius, we notice here considerable 
divergences. In particular, the order of the bones arranged in order of increasing stature, 
which is nearly the same in both sexes, is very different for the corresponding order 
for the Aino. The Naqada people for their statui'e have a remarkably small humerus, 
and although the Aino could hardly be separated more from the French by civilisation 
and locality, yet they could be derived from a common stock with the French by far 
less direct selection of the long bones, than would be possible in the case of the French 
and the Naqada races. This Egyptian race was a tall race — not as tall as the English 
commonalty — -but taller than the better French classes and 2'5 centims. taller than 
the mean of the French army. The sexual ratio, 1'074, was less than that of the 
modern European (about 1*080), and this is in keeping with the greater equality in size 
observable in primitive and early races. On the whole it may be questioned whether 
any two modern races would give such divergence in character as the Naqada and 
French. We see not only the radius, as in the case of the Aino, but the humerus as 
a source of divergence, and so fiir as the lengths of those long bones are concerned, it 
would be. easier to look upon the Ainos and French than upon the Naqada people and 
French as local races deduced from a common stock. If they have sprung ultimately 
from such a stock, there has been a very significant amount of direct selection. 
There is, however, an interesting point which the Naqada people share with the Ainos 
—the judgment of stature from the radius is excessive. This peculiarity of early 
and primitive races is one which the table on p. 202 shows that they share, of course 
in a much less marked manner, with the anthropomorphous apes. It will later be 
seen to be a feature of other primitive and early peoples, 

(17.) Protohistoric Races. 

My next group covers to some extent the ground which precedes 1000 A.D«— 
roughly, the beginning of the Middle Ages. 

(a,) Dr. Beddoe gives femur measurements for the Round Barrow population of 
Britain/" as follows : 

Male F == 4775 centims. ^ mean for 27, 
Female F = 44*91 .,, „ 2« 

V/e find at once from (a) : 

Stature Male -=• 171 '1 centims,, Female = 160*2 centims. 

Sexual ratio c?/$ =^ 1*068. 

'^ 'Journal of the Antliropological Insfcitute/ vol, 17, 1887, p. 209. 
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These values are immense reductions on Dr. Beddoe's 176'2 for males and 166*5 
for females. Even with this reduction, the Round Barrow population must still be 
considered a tall one, as tall as the modern EngUsh. It will be remembered that it 
was also brachycephalic/"'" a curious and infrequent combination in Europe. 

(6.) We may next consider the Romano- British, for whom we obtain from 
Dr. Beddoe the data : 

Male F r^r 45*42 centiras., mean for 10, 
Female F = 40*82 „ „ 4. 

Formula (a) gives : '^ 

Stature Male =: 166'7 centims., Female = 152*2 centims. 

Sexual ratio (^/$ = 1*090. 



Here again we have very sensible reductions on Dr. Beddoe's estimates of 169*3 
and 154*2. 

(c.) We may compare these results for the Romano-British with those for the 
Romano-Gauls, based on data provided by RAHOM.t These give : 





F. 


H. 


(22) 
(1) 


T. 




R. 




Male 

Female 


(40)^ 
(5) 


45-52 
40-43 


(18) 

320 

(5) 

29-7 


35-9 
30-7 


(9) 


24-1 

• « 





Whence we deduce : 



Stature of Romano-Gauls. 





Male. 


Ij'emale. 


(a) 

(o) 
(d) 

(/) 

(9) 
(h) 

(0 


166-88 
163-25 
163-96 
164-76 
165-64 
165-75 
163-91 
163-10 
165-11 
165-84 


151-48 
153-27 

146-98 

149-25 

149-26 

152-07 

• • 


Mean 


164-82 


150-37 (152-27) 



* Pearson, ' The Chances of Death,' vol. 1, "Variation in Man and Woman," p. 363. 
t Loc, cit.^ p. 441, 
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The second mean estimate for females is determined by neglecting the single tibia 
measurementj and is probably the best obtainable ; it agrees closely with (i,) : 

Sexual Ratio ^/j ::= 1"082, 

A series of 12 femora dug up in Boulogne Harbour'''' have also been attributed to 
the Romano-Gauls. They give male F =: 45'22 centims., or for the stature 166*32. 

My estimate here is about a centimetre larger than Rahon's. We sensibly agree 
for the males in the larger series above, while for the females I should take the most 
probable stature to be a centimetre less than that (153 '5*) given by Rahon". 

We cannot compare the Romano-British with the Romano-Gauls on the basis of 
all boneSj for we have only the results for the femur in the former case. But if we 
compare the femur estimates for the two cases wo see that they are sensibly the 
same (male 166*9 against 166*75 and female 152*3 against 152*2), It is, therefore, 
probable that the estimate of the Romano- British male is sensibly too high, and that 
it would have been nearer 165 centims. had we had other bones than femora to base 
our estimates upon. The sexual ratio is clearly abnormally high. 

(d.) Roiv- Grave Population of South Germany, 

Dr. R. Lehmann Nitsche has published a most interesting series of measurements 
on the long bones found in the Row-graves of Bavaria.t These interments date from 
the beginning of the 5th to the end of the 7th century. He divides his material 
into two groups, /'Bajuvars/^ from the Row-graves of Allach in Upper Bavaria,| 
and Suabians and Alemanns from those of Dillingen, Gundelfingen, Schwetzheim, 
Memmingen and Fischen.§ The mean lengths of the long bones for these two groups 
are, however^ in such complete accordance, that we are quite justified in following 
Dr. Nitsche and combining the two groups.jl We have then the following results 
after the proper change in the femur :— 







P. 




T. 




H. 




R. 


Male ...... 

Eemale . . . . . 


(41) 
(16) 


46-99 
41-07 


(25) 
(7) 


38-05 
3371 


(17) 
(9) 


33-71 

30-28 


(11) 

(4) 


2r)'4i 

23-10 





















The following table gives the reconstructed stature on the basis of the ten 
formulse of Tables XIV. aiiid XV. :— 



=^ Loc cit.^ p. 439. 

t *'Netie Beitrage zur pliysisclieii Anthropologie der Bayern," vol. 11, pp. 205-296, Miinciieii, 1895. 

X lUcl, p. 207. 
§ Ihid,^ p. 239. 
Ij pp. 260, et seq. 



CONTRIBUTIONS TO THE THEORY OF EVOLUTION. 



215 



Male. 


Bones used. 


Female. 


168-1 
168-2 
, 169-0 
169-1 
169-2 
169-3 
169-4 
169-6 
169-8 
169-9 


H & R 

H 

R 

T 

H + R 

F &H 

F, H, T & R 

J^' 
F + T 
F&T 


155-2 
154-9 
158-4 
1541 
156-8 
153-5 
153-0 
152-6 
153-4 
153-4 


169-2 


Mean 


154-5 



Maistouvribr's '' Tableau -bar^me" gives us — 



Male. 


Bone. 


Female. 


. 168-1 
167-6 
167-5 
1701 


F 
T 
H 
R 


■ 

152-6 
154-6 
155-6 
160-5 


168-3 


Mean 


155-6 



Clearly Manouvrier's method gives results in this case differing almost 1 centim. 
from mine for both sexes. They have ranges 2*6 centims. and 7 '9 centims. for male 
and female as compared with my 1 '8 centim. and 4*2 centims. respectively. Our 
method of taking the means of the results is not^ however, very good. There are 
very few radii, and the results for that bone have little weight. To properly weight, 
however, the formulae involving two or more bones is troublesome, and the increased 
exactness is so small as to be hardly v/orth the labour. If we treat F and T, 
F and H, and F, T, H, and R as likely, d priori, to give the best result, we have 
male stature, 169*5 and female stature 153*3. 1 doubt whether this is as good 
as the previous result ; it would connote a very high sexual ratio, 1*106, which 
is contrary to what we generally find with primitive peoples. The sexual ratio 
of the above results is very high, 1*095, and it seems to me probably that in the 
difficult matter of sexing rather too large a proportion of large bones have been 
given to the male and too few to the female group. Further, the smaller radii may 
probably have disappeared, which accounts for something of the irregularity here— as 
in other cases — of the estimates from the radius. Allowing, however, for these 
irregularities we find the Row-grave population by no means so widely differentiated 
from the French as the Naqada race. Tliey were, however, a tall race, taller than the 
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present French commonalty, almost, but not quite^ as tall as the present Eng4ish 
commonalty in their men, but sensibly below it as regards their women. The men 
were at least 1 to 3 centims. taller than the present Munich population, which gives 
168 centims. as mean of accepted recruits, and 166 centims. as a mean based on 
corpse measurement. (See Ranke, '' Zur Statistik der Korpergrosse . . .,'' in ^Anthro- 
pologic der Bayern,' vol. 1, and Peakson, 'The Chances of Death,' vol. 1, p. 295.) 



(18.) Anglo-Saxons. 
Here my data are extracted from Dr. Beddoe's paper/'" 





Number. 


F, 


T. 


Anglo-Saxons in general, male . . 

,5 „ female . 

Wittenliam, peasantry, male . . 

,, „ female . 

,, with tibia, male 
hlly, bishops, ma.e 


65 
26 
23 
17 

7 

5 


47-17 
42*77 
46-69 
42-24 
48-34 
46-74 


(12) 

39-06 

• a 

a • 

39-43 

38-51 



Allowance has been made (see p. 197) for the length of the spine. 

Stature of Anglo-Saxons. 





(a.) 


(c.) 


(..) 


(/). 


Mean. 


Anglo-Saxons in general, male . . 
,, ,, female . 


170-0 
156-0 


171-4 


171-2 

a 
e e 

173-0 

170-1 


171-2 


170-9 


Wittenham, peasantry, male 

„ ,, female . . 
,, with tibia, male . . 

H]ly, bis.iops, ma. e , 


169-1 
155-0 

172-2 
169-2 


9 © 

172-3 
170-1 


173-0 
170-1 


« » 

172-6 
169-9 



Dr. Beddoe^s results diverge again immensely from mine.f For the Anglo-Saxons 
in general he finds, for example: male, 174"'7 centims., and female, 160"2 centims.; 
while his estimate, using the tibia for the Wittenham second male group, is 70*86 
inches, or 180 centims. ! 

If his conclusions were correct, the modern Eno-lish would have dee^enerated very 
much from the Anglo-Saxons in stature, 

* Loc. cit, p. 209. 

t I make Earl Brithnoth (F = 52-07, T = 41*58) about 180 centims., while Br. Beddoe's estimate 
is 192. 
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For mo(3ern English we have the following results :- 



Male . . . 
Female . . 


Galtok, Commonalty. 
I, 


Pearso:n, Middle classes. 


II. III. 


(811) 

172-55 

(770) 

160-85 


(1000) 

172-8 

(1000) 

159-9 


(1077) 

175-15 

(135) 

162-17 



Mr. Galton's results were measured at his South Kensington Laboratory during 
the Exhibition of 1884. My first group are from my family data cards, and without 
boots ; my second group are from the measurement cards of the Cambridge Anthropo- 
metricai Committee. Subtracting 2*54 centims. for boots from I. and 11., we find : — 



Male , 
Female 



170-0 
158-3 



172-8 
159-9 



172-6 
159-6 



Thus there is a sensible agreement between the results II, and III., while I. shows 
just the class distinction we might expect to find. Comparing these results with the 
Anglo-Saxon statures, we notice an increase of about 2 centims. in the female stature^ 
while the present English commonalty is about 1 centim, less than the mean male 
stature, and the English male middle classes about 2 centims. more. If the Witten- 
ham skeletons with tibia belong to a class apart, then they were quite equal in 
stature to the modern English classes, while the Anglo-Saxon bishops were distinctly 
inferior. Probably the bishops were men unsuited for fighting, and showing a lower 
degree of physical development. The Anglo-Saxon women are not very many in 
number, and we have only the femora to base an estimate upon, which in all these 
cases gives a less stature than the tibia. We may therefore conclude that the 
average Englishman of to-day is certainly not behind his Anglo-Saxon ancestors ; he 
may be very slightly taller. The average English woman is probably somewhat taller, 
but the paucity of data for Anglo-Saxon women hardly allows an estimate of how 
much. The sexual ratio, 1'096, is so high that I am compelled to consider the Anglo- 
Saxon women under-estimated, or possibly mixed with a Eomano-British element. 
The modern value is about I'OSO. 

(19.) Franhs, 

I have put into one group the Frankish remains belonging to both the Merovingian 
and Carolingian periods, to be found in Rahon's memoir,'^' the separate smaller groups 
giving results in close accordance. We have then : — - 
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FRANKS 500-800 A.B. 




29-39 



(31) 


T. 




R. 


36-81 


(7) 


25-31 


(7) 


32-77 


(3) 


22-80 



This gives us : 



Frankish Stature. 



Kormula. 
(a) 


Male. 


Female. 


166-24 


152-34 


(&) 


166-81 


152-41 


(c) 


166-12 


151-85 


(d) 


168-71 


157-44 


(«) 


166-30 


152-07 


(/) 


166-32 


152-08 


(?) 


168-13 


154-88 


(/'-) 


166-74 


152-83 


(i) 


166-67 


152-34 


(fc) 


166-36 
166-84 (166-42) 


151-03 
152-93 (152-12) 


Mean 



Sexual ratio (3V ? = 1'09L 

The means in brackets are obtained by omitting the results of formulae (d) and (g), 
which are clearly exaggerated, owing to only the larger radii having survived. 

It is clear, accordingly, that the Frankish conquerors of Romano-Gaul were not a 
tall race— nothing like as tall as the Anglo-Saxons who conquered Romano-Britain.'" 
Further, while the English commonalty have, if anything, slightly progressed on the 
stature of their Teutonic invaders, the French commonalty have, if anything, 
regressed. 

*' Of course, occasionally we find tall Franks, as tliose buried at Harmignies (Hainaut), Rahon 
loo. cit., p. 440. These give :— - 





F. 


H. 


T. 


27-3 

2.5-5 


(a.) 


(&.) 


{CO 


(cl) 


(..) 


(/•) 


(ff-) 


(h.) 


(1) 


(k) 


j 
Mean. 

174-5 
158-1 


Male . . 
Female . 


50-52 
45-83 


34-9 
30-5 


41-0 
34-1 


176-28 
161-98 


171-64 

156-47 


176-08 
154-98 


175-22 
159-78 


177-34 
159-16 


177-36 
159-12 


174-46 

157-82 


171-75 
155-90 


174-77 
160-12 


170-03 

157-09 



These are tall as compared with the average French of to~daj, but not specially tall from the English 
standpoint, and certainly not comparable with Earl Bkithkoth, 
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(20.) French of the Middle Ages. 

Two groups are classed under this head by Eahon. The first coraes from the 
cemetery of Saint-Marcel, and is said to belong to the 4th to the 7th century. The 
second comes from the cemetery of Saint-Germain-des-Pres, and probably belongs to 
the 10th to the 11th century. If these dates be correct, the former group belongs to 
the protohistoric rather than the mediaBval period, and is directly comparable with 
the above results for the Merovingian and Carolingian periods. The latter group 
belongs to the early middle ages. We have : 





P. 


H. 

(81) 

34-2 

(26) 

30-3 


T. 


R. 


Saint-Marcel, male 

,, female 


(71) 

45-32 

(19) 

41-63 

(44) 

45-32 

(10) 

41-32 


(96; 

37-8 

(40) 

34-0 


(21) 

24-4 

(9) 

22-5 


Saint-Grermain-des-Pres, male . 
,5 female 


(37) 

33-1 

(18) 

30-9 


(37) 

37-3 

(18) 

34-0 


(6) 

23-7 

• • 



These give us for stature of mediaeval French : 





Saint-Marcel. 


Saint. -Germain-des-Pres. 




4tli to 7th century. 


10th to 11th century. 


Pormnla. 






Male. 


Female. 


Male. 
166-51 


Female. 
153-21 


(«) 


166-51 


15381 


(&) 


169-62 154-92 


166-43 


156-57 


(c) 


168-48 154-74 


167-29 


154-74 


{d) 


165-74 1 156-44 


163-45 


« • 


(e) 


167-61 ! 154-31 


167-03 


153-96 


(/) 


167-56 i 154-31 


167-02 


153-96 


(.9) 


168-23 i 155-87 


165-12 


« « 


{h) 


169-25 


1 155-10 


166-06 


• » 


(0 


168-33 


154-30 


166-61 


154-50 


Mean 


168-44 


154-12 


166-92 


* • 


167-98 


154-79 


166-24 


154-49 



Rahon obtains the values : 



1657 



155-5 



165-6 



155-5. 



The first of these differs very considerably from iBy estimate, but Rahon has made 



V '^ 
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a slip in using Manouyrter^s table^ and thus much underestimated the Saint- Marcel 
male stature, 

I think it impossible to accept Rahon's view that the modern French are sensibly 
of the same stature as the mediaeval French, because the slight apparent difference 
may be accounted for by a process of selection preserving for us only the larger bones. 
It is not, as Raiion supposed, a difference of '7 ceotim. which has to be accounted 
for, but one of nearly 3 centims. We have the following series for France, male 
and female :— 

Neolithic man ,....,. 162 '5 151 °4 

Romano-Gauls . , . , . , , 164 '8 152 '3 

Franks ....-.,,.. 166'4 152'9 

French, 4th to 7th century , . 168'0 154°8 

,, 10th to 11th century , . 166'2 154*5 

,, modern ,.,,.. 165'() 152^3 

These results would seem to indicate that the Gauls were taller than the races 
they superseded in France, that their Frankish conquerors were taller again than 
they ; but that the stature has been sinking during the last 800 years, and that the 
French commonalty of to-day is very close in stature to the Romano-Gaulso 

This may denote a selection of stature, or it may mean that the Celtic element of 
the population has superseded the Teutonic element— an explanation in accordance 
with the recognised greater fertility of the Breton element in France, We should 
then have an interesting illustration of the manner in which reproductive selection 
may reverse the results of natural selectioua While it might be rash to attribute the 
decrease in stature which has taken place in France to any one definite cause, it is 
interesting to note that we do not trace the like decrease in stature in England, yet 
we should certainly expect to do so, if the result were due simply to a selective 
process by which the larger bones were preserved^ There does appear to be a like 
decrease in the stature of the Ba^varian population, where we have compared (p. 215) 
the Row-grave population with that of Munich tov/n recruits, which appears to be 
considerably above the average of recruits from other near districts,'^' and considerably 
above the corpse length, (166 centims.) — itself greater than the stature of the 
living — wdiich I have found from Bischoff's data. 

(21.) Ofi Giants and Dwarfs. 

If we pass from the consideration of races with mean statures varying from about 
157 centims. to 170 centims. to the consideration of individual giants and dwarfs, we 
very soon discover that our formulae give statures hopelessly too small in the case of 

'^ Tlie average of the conscripts for the 1st Infanterie Brigade, wliicli includes Miinicli, was onlj 
166 ceBtims. The average of tte Baden conscripts was 163 centimSo 
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giants, and too large in the case of dwarfs. This defect of the theory is the more 
serious in that while no prehistoric bones at present discovered give us indications of 
a race with giant proportions, there are such bones which indicate the existence of 
dwarf races in neolithic Europe. The reconstruction of individual giants from the 
skeletons preserved is also of some interest, although, from the standpoint of evolution, 
it, so far, has nothing like the importance of the reconstruction of the dwarf races. 

If our formula do not apply to giants and dwarfs, we are forced to one or other of 
the following conclusions : — ■ 

(a.) Dwarf and giant races must have been differentiated from normal races by a 
selection which has partially or totally changed the regression formulae. 

(?>.) The regression formulae are not really linear ; they are only apparently linear, 
because, in dealing with the normal range of stature, we have only to consider a small 
portion of the regression curve which is sensibly straight. 

Both these conclusions may of course be partially true. 

In order to consider the validity of one or both of these hypotheses, it might seem 
that all we have to do is to investigate the relation between the long bones and 
stature in the case of a sufficient number of giants and dwarfs. But alas ! the 
total material is small, and the quality of it is exceptionally bad. The majority 
of giants and dwarfs probably prefer a quiet life and a normal burial, so that their 
bones do not reach the anatomical museum."'" Of the dwarfs and giants w^hose 
skeletons are to be found in museums, the majority earned their livelihood by 
exhibition, and accordingly their living stature was a character likely to be under- 
or over-estimated for the purposes of advertisement. If we put aside all records of 
the living stature, we are thrown back on the measurement of the length as corpse, 
or on estimates formed by anatomists of the stature from the articulated skeleton. 
Unfortunately, authorities differ very widely as to (a) the difference between the 
skeleton (after mounting) and the corpse length — ^Orfila makes a difference of 
7*5 centimSo, Briant and Chaude of 8 centims., and Tophstakd of .3*5 centims.— 
and (b) on the difference between the living stature and the corpse length (see p. 191). 
Even if Topimahd's estimate, based upon 23 normal subjects measured as corpse 
and skeleton, be correct, it could hardly be safely extended to the cases of giants 
and dwarfs. Professor Cunningham, in attempting to reconstruct the stature of 
the Irish Giant, Magrath, goes so far as to discard all records of living stature, and 
all attempts to reconstruct stature from the articulated skeleton, and would estimate 
only from the length of the femur.t But this method seems to me fatal, at any rate 
for our present purpose, the very object of which is to find the relation between 
stature and femur (or any other long bone) in the case of giants. It cannot too 

^' In the investigation for conscripts in Bavaria, in 1875, 43 dwarfs were found, and among the 
35 measured we have a range of 115 centims. to 139 centims. There were also four giants, or men 
with statures of 190 centims. and over. 

f 'Royal IrLsli Academy Transactions/ vol. 29, 1891. pp. 553-612. 
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often be repeated that the idea that there is in any sense a constant proportion 
between stature and any long bone is misleading, Manouvrier makes this ratio 
decrease from dwarf to giant, and this is correct so long as w^e suppose the regression 
formula linear, for example, S/F =: a + hjY. But this ratio really begins to decrease 
again as we go from short people to actual dwarfs, and to increase again as we 
go from tall people to actual giants. 

For example, we have the followino; results for the ratios of lonof bones and 
stature : — » 



Data. 



Manofvrie] 



50 normal Erenclimen 

" Coefficients nioyens ultimes," 
stature ^ 181 , . . . 
TopmARD, 22 cases, stature ^ 175 . . , . 
Pearson, 12 cases, statnre ^ 200 , , . . 




S/T. 


S/H. 


S/R. 
6-83 


4-54 


5-06 


4-32 


4-93 


6-70 


4-46 
4-41 


5-05 
5'01 


6-94 
7-07 



It will be at once obvious that Manoutrier's '' Coefficients moyens ultimes'' are 
by no means ultimate, but that in the case of giants the coefficients actually tend to 
return to their values for the mean population. This will be sufficient to show that 
it is quite impossible to consider any method of determining stature from a presumed 
constant ratio to femur as satisfactory. 

But this table shows an important principle^ namely ^ that as the ratio of stature 
to long bone first decreases as the bone increases and then begins to iucrease, it is 
impossible to consider the regression curve as a straight line when we extend it so 
far as the region of dwarfs and giants. 

Now this is, a priori, what might have been expected, for all distributions of 
zoometric frequency that I have come across seem to possess sensible skewness, and 
in skew correlation the regression curve is not a straight line. Its actual form is of 
a somewhat complicated nature/' and it would be purely idle to attempt to deter- 
mine the constants of it from the data for dw^arfs and giants which are at present 
available. Accordingly it seemed to me desirable to select some empirical curve 
which would, so far as possible, represent the available material and give results in 
harmony with certain general principles^ The considerations which led me to the 
choice of this curve were of the following character :— 

(a.) It must sensibly coincide with the line of regression already found between 
statures of 155 centims. to 175 centims. It must accordingly have a point of inflexion 
at the mean stature, at which the tangent should be the already determined line of 
regression. Referred to this tangent and its perpendicular, the form of the curve in 
the neighbourhood of the origin m.ust he y ^ ox\ Away from the origin, c may 
become a sensible function of x and y^ one or both. 

* 1 hope to return to this point in a paper on skew correlation. 
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(6.) So far as the data at my command went, the dwarfs and giants appeared to 
deviate from the regression line in a remarkably symmetrical manner on opposite 
sides of it. In other words, the branches of the curve on opposite sides of the axis 
of y appeared to be centrally symmetrical or congruent. Thus the form of the curve 
was reduced to y -^ x^cjy (x^, ^^). 

(c.) It follows from this that the asymptotes of the curve, besides x ==0, will be 
given by 4> (^^ y'^) = 0. The problem then turns on what are the probable asymp- 
totes. Now if we examine the regression formula for an organ A on an organ B, it 
is of the form : 






where A,,^ and B,,, are the mean organs, cr^ and a-j, the standard deviations, and r„j, the 
coefficient of correlation. Now no amount of selection of either A or B. or any 
other organs, as to size only, would influence in the case of normal correlation r^^j^a-Jcri,, 

TO". 

but it would change the constant term A,,, — • --^-^' B,,,. Hence, if we were to take the 

^b 

line of regression for an extreme population of dwarfs alone, or of giants alone, it 
would seem quite possible that r^^^a-JiTi, might have remained constant^ while the term 

A^, — • -^^^ B„, changed. But these lines of regression would be the asymptotes of the 

required curve. It was thus suggested to me that the asymptotes might be parallel 
to the line of regression of the normal population. On examining the points corre- 
sponding to giant and dwarf statures plotted to long bones^ this hypothesis seemed 
to be highly probable. Accordingly the form of the curve finally selected to represent 
the extended curve of regression was 

y = ex' {¥ - y% 

where the axis of x is the linear line of regression for normal stature, and the axis of 
y is the perpendicular to it through the mean normal stature of the French/^ 

(d) A diagram was now formed by plotting to half life-size (|- centim. for 1 centim.) 
the points representing giants and dwarfs, and the lines of regression for the normal 
population were drawn. The y and x for the point for each giant for each bone were 
then read off, and these formed the data from which the constants of the four curves 
of the above tyjoe were then determined. For this determination only giants over 
200 centims. were selected. The class of what may be termed sub-giants, with 
statures from 180-200 centims., were put on oneside. Such individuals, termed giants, 
appear in both the Bonn and Munich anthropological catalogues, but the ''Korperlange" 
there given can hardly represent the living stature ; it is very probably only a skeleton 

* Some sMfting of the origin wotild prolbablj have impi^ovecl my results, but the data were not 
BufEcient to justify such extra lahoiir, 
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length J and considerably under the real stature, A height, for example, of 185 
centims.5 6 feet 2 inches, say, would hardly entitle a man, in England at any rate, 
to rank as a giant. 

In the next place, no notice whatever was taken of the dwarfs. I felt that, if the 
curves were determined from the giant data only, the test that they gave good resu.]ts 
for dwarfs would be the most satisfactory one conceivable. As it is, I have been able, 
on the basis of the long-bone stature relations for giants, to predict the stature of 
dwarfs to within 2*5 centims. average error. Manouyrieh's ''coefficients moyens 
ultimes '' give a mean error for these dwarfs of 7'25 centims., or 2'9 times as great. 

The actual fitting of the curves was conducted in the following manner. Remember- 
ing that the curve gives the value of the mean stature for the whole series of long- 
bones of one size, ^^e.^ the mean of the array of statures for a long bone of given type 
or size, I recognised that the curve, and accordingly its asymptote, must pass fairly 
centrally through the group of plotted points. An approximate value of the asymptote 
constant b was accordingly selected, and the value of c calculated from the Diean of 
the observational values of y and x. If this form of the curve gave, as it generally 
did, not very satisfactory results, b was modified, and the new o calculated. In this 
manner, for example, three approximations were made in the case of the radius. The 
method of least squares was not readily applicable to the dfita (which were at best 
not very trustworthy), for it involves the calculation of such expressions as S (x^y'^) 
and S {x^y^), which, owing to the large values of x involvedj give far too great import- 
ance to the largest giants. 

The curves ultimately determined w^ere the following :-- 






For the femur : 



2/rrr ifyis ^ X'^ (49 ^-- ^^^). 



For the tibia : 



y ^ TTTTo ^' (22'5625 - f\ 



For the humerus 



For the radius : 



y — 2 2 19 6 ^' (20*25 — y )> 



y=^T6i8T^' (20^25 - /). 



Here the unit for bot.h y and x is equal to two centims. of stature, or of long- 
bone. Thus the distances 7, 475, 4*5 and 4'5 centims, of the asymptotes from the 
lines of regression of the normal population are really distances of 14, 9 '5, 9 and 
9 centims. in actual stature or long-bone length. 

* Tlie matliematical reader will bear in mind tliat it is only tlie ^' snake " and not the other two 
branches of the quintic curve which we require. 
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I do not suggest for a moment that these curves give a final solution of the problem 
of determining the stature of any individual in the range of 90 to 250 centims. from 
the lengths of his long bones, but they seem to me to give the best results obtain- 
able with the data at present available. 

Reduced, to a formula a curve of this type would be of little service, for both x and 
y are linear functions of the probable stature and the observed length of the long 
bone. Hence w^e should have a quintic equation to find the probable stature from 
the long bone. But if these curves be plotted once for all, we have a graphical 
means of at once determining, by simply running the eye along a line, the probable 
stature corresponding to any given length of long bone. With care we can find the 
probable stature to '5 centim., but as a rule to the nearest centimetre is sufficient. 
As the lines of regression for the normal population are given as part of our curves, 
it is clear that the diagrams attached to this memoir (Plates 3, 4) will also serve for the 
determination to a like degree of exactitude of the probable stature of individuals or 
races falling within the ordinary range of statures. In view of the fact that the 
diagrams serve all practical purposes, I have not considered it needful to deduce from 
the above quintics numerical approximations for the value of the stature in terms of 
the lengths of the various lono^ bones. 

(22.) If the reader will examine the diagrams, he will see the twelve giants 
A, B, C, , . . K, L marked by small dots ; from these the curves were determined, 
and he will notice that they strike fairly well through the groups. The triplet 
O, M, N contains three pseudo-giants, or sub-giants ; these as well as the dwarfs, 
S, U, V, T, were not used in the determination of the curves. One remarkable 
feature of the curves must be noted, namely^ that in the region of what may be 
termed sub-giants and super-dwarfs, namely, from about 180 to 200 centims. and 
150 to 130 centims., a very small change in the long bone makes a remarkable change 
in stature. This is specially noteworthy in the case of the radius. Thus between 
normal individuals on the one hand and giants or dwarfs on the. other, there appears 
to be what may be termed a region of instability, in which an insignificant change in 
long bone may throw the individual across a considerable range of stature. The 
points of inflexion of our curves — -other than those at the origin — may accordingly 
have a biological as well as a purely mathematical interest. 

The following are all the data which I have been able to collect for giants and 
dwarfs having any degree of probable truth. 
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Letter. 



A 

B 



]} 

E 

E 

G 

H 

I 

J 

K 

L 



Name. 



Jo AG HIM . , . 
Berlin Griant I 
Berlin Giant I L . 
O'Byene . . . 
American Giant . 
Magratii . . . 

ivrainer 
'' Grena;dier " . 
Innsbruck Giant 
St. Petersburg Gi 
'' Wiolismacher ". 
Paris Giant . 



ai 



Table of Giants. 



Locus. 



Musee Br oca . 
Berlin Museum . 



75 



Royal College of Surgeons 



35 



E. C. S., Dublin . . 
J osepliin um Yienn a 



9? 



Innsbruck . 
St. Petersburg 
Vienna . 
Musee Orfila . 



Stature. 


E. 


X . 


H. 


210-0 


56-72 


47-0 


40-4 


223-0 


64-0 


53-0 


45-5 


216-0 


55-0 


48-0 


38-5 


231-0 


62-5 


54-1 


45-0 


213-0 


58-5 


47-8 


41-3 


226-0 


62-4 


50-6 


43-3 


203-3 


53-4 


43-5 


39-5 


208-7 


55-5 


45-6 


40-5 


222-6 


61-0 


52-0 


44-6 


219-5 


56'5 


50-0 


46-0 


202-3 


52-4 


44-9 


39-4 


236-2 


60-96 


55-9 





Sub-Giants. 



M 




Bonn Giant , 
" Gendarme ". 
Munich Giant 



Bonn 
Yienna . 
Munich . 



188-7 
186*9 
185-0 



51-0 
51*4 

50-2 



41-8 


35*8 ' 


44-0 


38-6 ^ 


40*8 


35-0 : 



26*0 

26*4 






s 

T 
IJ 
Y 



MiKOLAJIK . . , . . 

Schaafhausp]n's Dwarf 
His's Dwarf . . . . 

B.l^BB 



Dwarfs. 



Anat. Instit., Vienna 
Bonn , . . . , 



Jardin des Plantes . 





31-0 








112-5 


22-8 


20-5 


15*1 ' 


94*0 


22-0 


16'0 




1 


120-0 


31-0 


25-0 


21*5 


16-5 ; 


100-0 


24-52 


17-61 


20-38 


12-17 



Remarks. — -A. The measurements of this giant are given by Manouvrier, 
^ Memoires de la Soclete d'Anthropologie de Paris/ vol. 4^ p. 387. The femm" has 
been given its maximum instead of oblique length. See also ToPiNikRD, ' Anthro- 
pologie Generale/ p. 1101. 

B and (1 Details extracted from ' Die Anthropologischen Sammlungen Deutsche 
anas, V. Jierlni. 

D and E. Data from the Royal College of Surgeons^ Catalogue. 

E. I have taken the length of the long bones from Professor Cunningham's paper, 
'' Royal Irish Academy Transactions/' vol. 29, 1891, pp. 553-G12. Cunningham uses 
the femur and Topinard's ratio to get the stature. ToPiNi^RD himself gives 
M"agra.th's stature as 223 centiras. 1 do not see why Dr. Bianchi's measurement 
of 226 centims. should be rejected. There is no reason to suppose the doctor would 
have any cause to exaggerate Magrath's stature, and he measured him alive. I have 
accordingly adopted BiANGHi's value as the best available. It is in very good 
accordance with the stature of the Innsbruck giant ^ and both were probably shorter 
than O'Byrne, 
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G, H, I, J, K and N are all taken from the very valuable memoir by K^ Lafger : 
'^ Wachstiim des mensclilichen Skeletes mit Bezug auf den Riesen/' ' Denkschriften 
der k. Akademie der Wissenschaften, Math. Naturwiss. Classe/ vol. 31, Wien^ 1872, 
pp. 1-105. F, H arid R are here distinctly stated to be the maximum lengths, and 
T appears to be measured without spine. '^ The heights are apparently those of the 
articulated skeletons. 

L. This is the only giant I have ventured to retain out of Sir George Humphry's 
list in *'The Human Skeleton," Cambridge, 1858, p. 107, for he indicates that he 
measured it himself (p. 105). I have not been able to identify his ^^Eussian Giant" at 
Bonn. His Berlin giants differ considerably from those in the Berlin Catalogue, while 
his estimates of CByrne and of the Irish giant seem hopelessly too large. As he gives 
the Musee Orfila giant 17 centims. less stature than Topinard {loc. cit, p. 436), I 
think his estimate on this occasion more probable. M and O are taken from the 
Anthropological Catalogues of the Museums at Bonn and Munich. I am not clear as 
to what is meant by KorperUinge in these caseSo The statures are curiously small as 
compared with the long bones, if KorperUinge is to be thus interpreted. Possibly it 
is the length of the mounted skeleton without disks. 

S, T and U. The details of these dwarfs I have taken from Paltauf's work : 
' Ueber den Zwer^wuchs in anatomischer uud ecerichtsarztlicher Beziehuno',' 
Wien, ]891.t This book compares unfavourably with the careful memoir of 
Langer. The measurements of the long* bones of Mikolajik are mven several 
times over, on each occasion with different values ; the exact nature of the measure- 
ments made is not stated, and results such as those on the author's p. 92, depending 
on the most elementary arithmetic, are erroneously given. I have taken the values 
which seem to give the most self-consistent results, but it is impossible to feel sure of 
their absolute accuracy. Sohaaffhausen's account of his dwarf appears in the 
'Berichte der Niederrhein. Gesellschaft fur Naturkunde in Bonn,' vols. 25 and 39, 
and His's account of his dwarf in ' Virchow's Archiv,' vol. 22, p. 104. 

All the giants and dwarfs in the above list were adults ; the ages of the four 
dwarfs at death were S, 49 years ; T, 61 years ; U, 58 years ; and V, 23 years. 

The following table gives the reconstructed statures of these giants and dwarfs as 
obtained from my diagram and from Manouvrier's '^Coefficients moyens ultimes." I 
have not thought it necessary to publish in the latter case the estimate from each 
individual bone, but have simply printed the mean of the four results and the 
differences from the supposed actual stature. It will be noticed that Makouvrier's 
estimate is in every case too small. Of my differences, 2 are zero, 6 are positive, 
and 11 negative, but the negative differences are sensibly larger than the positive, so 
that my curves have rather under than over corrected for giant and dwarf stature. 

'^ " Aus der Mitfce cler lateralen Ooiidylusflaclie in die Incisura. fibularis." 

t I liave verified the dimensions given for His's dwarf from ' Yirchow's Arehiv filr Patliologie ii, 
Anatomie,' vol. 22, 1861, p. 104<, et seq. 

^ KX 4t 
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My mean error is only 3*7 centims., however^ as against Manouvrier's 9*3. Allowing 
for the doubtful character of some of these measurements, I consider this result 
fairly satisfactorj/-^ and believe my estimate may in several cases be better than the 

supposed stature. 

Statije.e of Giants and Dwarfs. 







Estimated stature. 








Mahouveiie. 













- -- 


'— • - 


Actual 

stature. 


















p. 


T. 


H. 


R. 


"\lean. 


A. 




Mean. 


A. 


A 


213 


212 


210 


213 


212 


+ 2 


210 


200 


10 


B 


229 1 


228 


2-28 


215 


225 


+ 2 


223 


219 


- 4 


C 


207 


215 


203 


211 


209 


7 


216 


195 


- 21 1 


I) 


226 


231 


227 


224 


227 


4 


231 


223 


~-~ 8 


E 


218 


213 


213 


211 


214 


+ 1 


213 


203 


^10 


E 


226 


222 


221 


226 


224 


" 2 


226 


218 


8 


G 


200 


200 


205 


182 


197 


6 


203 


187 


-16 


H 


209 


207 


210 


206 


208 


* ' _L 


209 


195 


-^14 


I 


224 


225 


225 


227 


225 


+ 2 


223 


221 


2 


J 


212 


220 


229 


224 


221 


+ 2 


219 


214 


5 


K 


193 


205 


205 


197 


200 


2 


202 


188 


--14 


li 


223 


235 
184 


• « 


a • 

171 


229 

178 


■ 7 


236 

i 

189 


226 
178 


--10 
11 


M 


180 


176 


- 11 


N 


182 


202 


200 


173 


189 


+ 2 


187 


183 


4 





178 
114 


178 


173 


170 


175 
109 


^10 

.^ 3 


185 


174 


11 


s 


111 


105 


107 


112-5 


109 


3 


T 


95 


93 


! ■ • 


- • • 


94 





94 


79 


16 


U 


114 


117 


108 


112 


113 


^. 7 


120 


116 


4 


V 


100 


97 


104 


97 


100 





100 


93 


^ 7 



(23.) Divarf Races. 

(a) Concerning the curves I have given, much diversity of opinion must naturally 
exist. For we have made use of giants from a great variety of races in order to pro- 
duce across a considerable range of stature the regression curves based upon the data 
for one local rcice, the French. The justification for this can only be post-faato, 
namely, the capacity of the curves to predict the stature of giants and dwarfs satis- 
factorily. But it will be seen that in doing this we have proceeded rather on 
mathematical than anatomical grounds. We have supposed a continuity between 
the normal population and between giants on the one hand and dwarfs on the other. 
We have treated these beings as rare variations in a normal population, and not as 
pathological abnormalities. It is true our curves show a region of marked instability, 
within which any slight change of long bone is accompanied by a great change in 
probable stature ; but nevertheless w^e have supposed a mathematical continuity, 
winch in itself is hardly consistent with the theory of '' pathological abnormality." 
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The truth of this theory can only be discussed by anatomists, and many anatomists 
like Professor Cunningham and Dr. Paltauf hold that giants and dwarfs are 
pathological creations — they are the results of abnormal conditions to which they 
would give the name of a disease. Such a view would exclude any conception — 
especially in the case of dwarfs among the normal population — -of an atavistic 
influence. The existence even to-da}?^ of dwarf races in both Africa and Asia ought, 
however, to give ground for pause. When we add to this that Professor Sergi 
actually considers that he has good evidence of a dwarf racial type still extant in 
Italy, and that Professor Kollmann, after examining Sergi's cranial and other 
evidence, has been converted from strong disbelief to belief,"'" when we note the forty- 
three dwarfs (stature < 140 centims.) actually brought to Hght by one annual con- 
scription in Bavaria alone, and finally when we consider the neolithic dwarf skeletons 
discovered by NuESCH,t we must undoubtedly hesitate to attribute to pathological 
causes cdl cases of dwarfs which come under notice. The African, Indian, and ItaJian 
dwarfs appear as a distinct racial type as little pathological variations of normal man, 
as a monkey of the anthropomorphous apes. It is thus possible that the pathological 
characters found in so many dwarfs may be the result of a conflict between atavistic 
and normal tendencies, rather than themselves the source of dwarfdom. At any rate, 
while admitting that our curves are largely based on admittedly pathological instances 
of both giants and dwarfs, it seems well worth while to consider to what results they 
lead us when we endeavour to reconstruct the stature of dwarf races. 

In making this application we have to bear two points in mind (i.) we must expect 
a wide range in our prediction of statures lying between 130 and' 150 centims., for 
this is the range for which our curves give very unstable results. We can only hope 
for a fair degree of approximation in the means, (ii.) Our curves are constructed 
solely from male data, because female data are practically non-extant. We must 
accordingly endeavour to find some means of passing from male to female stature. 
To this we must first devote our attention, 

(6) I take the following data for sexual ratios for the French and Aino from the 
material of Rollet and Koganei ; for the Naqada race from Dr. Warren's memoir, 
and for the Andamanese from Sir W. H. Flower's memoir, which is discussed below. 



Sexual ratio, c?/?. 



* Kollmann in Nuescii, he. cit. infra, p. 238, 
t Ihid. 



Race. 


Stature. 


Femur. 


Tibia. 


Humerus. 


Radius. 


French 

Naqada 

Aino 

Andamanese . 


1-083 
1-074 
1-065 

• 


1-090 
1-080 
1-067 
1-034 


1-102 
1-088 
1-064 
1-034 


1-110 

1-088 
1-064 
1-049 


1-137 

1-100 
1-087 
1-071 
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Now, there appears from this table to be a very clear rule, namely, that the sexual 
ratio for stature is certainly not sensibly larger than the least sexual ratio for the 
long bones. It would seem Eiccordingly improbable that the sexual ratio for the 
Andamanese can exceed l'0o4. If we compare this result with Man's measurements 
on 48 male and 41 female AndaniEinese of which the statures were : male, mean 
149*2 centims. ; female, mean 140*3 centims., we find c?/? == I'OGS, a value 
much nearer that of the Aino. Sir W. IT. Flower's owai estimated statures"^'^ give a 
sexual ratio of 1*034 ; the fundamental formulae for a normal population (p. 196 of 
this paper) give 1*048 ; Manouvrter^s ^^ Coefficients moyens ultimes" give 1*030, and 
by applying the ratios of stature to long bones as obtained from the average French 
population we find 1*023. The mean of all these results is 1*038. For the Laps 
Mantegazza found male = 152*3 and female = 145'0, or the sexual ratio ™ 1*050. 
For the Negritos del Monte, or the Aigtas of Luzon in the Philippines, Marche and 
MoNTANO give male ^= 144*1 centims. and. female = 138'4 centims., from which we 
find the sexual ratio of 1*041. Topinard gives for races under 150 centims. a mean 
difference of 4 per cent, between male and female which corresponds to a sexual ratio 
of 1*042. Fritsch found a mean difference between male and female Bushmen of 
4 centims. which gives (male = 144*4 centims.) a sexual ratio of 1*028; while 
Parry's observations on the Esquimaux appear to give a sexual ratio of 1*025, 
Sutherland's 1*036. From all this it is clear that the dwarfs have a very small 
sexual ratio for stature as compared with the normal population. At first sight it 
miofht seem best to assume this sexual ratio for dwarf races to be Topinard's average 
of 1*042, but as we are going to apply our chart in connection with the sexual ratios 
found for the long bones of the Andamanese in the table above, I doubt whether it 
ought to be taken greater than 1'035, say 1*034 in agreement with the value obtained 
from Flower's estimates. AccordinHy I formulate the following rule for ascer- 
taining from the chart the probable stature of a female of dw^arf race :— 

Reduce the female long bones to male long bones by multiplying their lengths by 
1*034 in the case of femur and tibia, by 1*049 in the case of the humerus and 
1*071 in the case of the radius. Find the corresponding male statures from the 
chart and multiply it by '9662 (i.e,^ the reciprocal of 1*035) ; these are the probable 
values of the female stature as estimated from the several long bones, and their mean 
may be taken as the best result available. 

(c) It seems very desirable to compare the results thus obtained for male and 
female of dwarf races with their statures otherwise estimated. If we form a table 
similar to that on p. 222, but for the case of dwarfs, we have— 



" Ufjinf the values given, ' Journal of Antliropological Institute/ vol. 14, p. 117. 
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Data—Male, 



50 normal French 

Manouveiee I " Coefficients moyens ulti.nes," \ 
I stature <^ loo ..... J 

Aino stature = 156*7 ......... 

TopiNAED, 21 men from 143 to 160 . . . . 

PEARSOiNT, 4 dwarfs under 120 . , . . . . 



S/F. 



3-71 

3-92 

3-84 
3-68 
3-93 



S/T. 
4-54 


S/H. 


S/R. 
6-83 


5-06 


4-80 


5-25 


7-11 


4-76 


5-31 


6-84 


4-59 


5-00 


6-70 


5'24 


5-33 


7-59 



Now the tendency here is clearly for the ratios to increase with decrease of stature, 
if we consider only French, Aino and the group of four dwarfs. Topinard's measure- 
ments show, however, rather a tendency in the ratios to return to their values for the 
mean of the normal French, population, and as this was closely akin to what we found 
in the case of giants, we cannot afibrd to disregard it in the case of dwarfs. Sir W. H. 
Flo WEE has reconstructed the Andamese from their femora on this supposition, and 
it does not give by any means improbable values of the stature. We have only to 
lock, however, at the line of regression for the normal population to see that for 
statures between 155 and 175 this hypothesis will give bad results, but it is 
conceivable that for statures above and below these limits the ratios of stature to 
the long bones obtained for the means of a normal population give results which 
are closer to the truth than those found from the lines of regression. Accordingly, 
on Plates 1, 2, dotted lines give these ratios of stature to long bones, and the statures 
of giants and dwarfs can be at once read off on this hypothesis. It will be seen that 
these lines do not give such good results for the four dwarfs under 120 centims, as 
our curves, but possibly they may give better results for normal dwarf races from 140 
to 150 centims. At any rate they do not on the surface exhibit the difficulty as to 
''instability'' to which I have previously referred. Sir W. H. Floweh writes of the 
Akka skeletons that : 

'' They conform in the relative proportions of the head, trunk, and limb, not to 
dwarfs, but to full-sized people of other races."'^ 

The chief and great difficulty, however, of adopting these lines of normal sta^tura 
ratios to determine the stature of dwarf races is to fix a limit to their application. At 
what point are we to fallback on the normal line of regression ? There must be such 
a point, for that line gives excellent results for statures from 155 to 175 centims. 
Wherever we do fall back upon it there will arise the very sort of instability which 
we find in our curves, only it will be a far more arbitrary and sudden change. 
For this reason I cannot consider it satisfactory to obtain the stature of races of less 
than 155 centims. by a process which is not in any sense continuous with that used 



^ ' Journal of the Anthropological Institute,' vol. 18, p. 90. By " dwarf " in the sentence cited I 
think we are to understand " pathological " dwarf. 
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for races of more than 155 centims. staturea The position and character of the 
instabihty is undefined and appears to be quite arbitrary. At the same time, I give 
the stature of the dwarf races with which I have dealt below on this hypothesis. In 
order to apply it, I add the additional data for the female stature and long bone ratios 




50 normal Frencli 

r " Coefficients nioyens ultimes," \ 

Aino,^ stature = 147* 1 



Manouyrier 



stature <^ 140 



llU'vA, pLlL'LlU 




ll\J lUL ^JVJIIIL 


'dLlttUii ,- ■ 


S/F. 


S/T. 
4-62 


S/H. 
5-19 


S/R. 


3-73 


7-16 


3-87 


4-85 


5-41 


7-44 


3-85 


4-75 


5'31 


6-98 



The reader must remember that Manouv.rier's coefficients are for corpse stature 
and lenp'th of bones when the latter contain animal matter. Hence he first adds 
2 millims. to the length of the dead bone to get the bone with animal matter, and 
then 2 centims. are subtracted by him from the corpse length to get the living 
stature. In the case of the femur, however, he works with the bone in oblique 
position, or with a length about 3*2 millims. less in the normal individual than the 
maximum length. This probably does not amoimt to more than 2 millims. in the 
case of dwarf races. Hence, when the femur of the dwarf is given by its maximum 
length, we need not add or subtract anything before multiplying by the stature- 
femur coefficient. We have accordingly the following methods of estimating the 
stature of dwarf races from their long bones .— ~ 

(i.) The lines of regression for a normal population, i.e., the formulae of p, 196 of this 
paper, or the heavy straight lines of our charts. As we have already seen, this over- 
estimates the stature of dwarfs as it underestimates that of giants, 

(ii.) The curves of regression given by the empirical formulae of p. 224, or by the 
heavy curves of our charts. In the case of female dwarfs the lengths of their long 
bones must first be reduced to male equivalents by the rule on p. 230, and the 
statures found again reconverted to their female equivalents. 

(iii.) The ''Coefficients moyens ultimes'' of Manouyrter may be used. These 
are given on pp. 231 and 232. Special attention must be paid to the reductions 
(discussed above) of bones and corpse length. 

(iv.) The stature and long bone ratios for the normal population may be used. 
The values of these ratios are given on pp. 231 and 232, but for most practical purposes 
it suffices to use the dotted lines of the chart. 

I shall refer to these methods as Pi^ Pu, M, and FL In the latter case, not 



^^ It will be noticed liow close these are to tlie male coefficients on p. 231, except in the case of tlie 
radins, a bone very irregular in primitiye and dwarf races. 
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because Sir W. H. Flower was the first"'" to use a ratio of stature and long bone for 
the mean population for the reconstruction of stature, but because he has emphasised 
the fact that, for dwarf races, it does appear to give fairly good results. 

(24.) Bushmen, 



My material is very sparse. Sir George Humphry, in his work on '^ The Human 
Skeleton/^ gives (p. 106) the mean long-bone lengths for three presumably male 
Bushmen. 



F 



3 



find : 



8-10, H 3= 27-43, T 3= 32-77, R:= 21*08. 



Estimated Stature of Bushmen. 



Bone. 


Pi. 


Pii. 


M. 

147-4 


El. 


E 


152-9 


1500 


141-4 


H 


150-0 


141-0 


143-1 


138-8 


T 


156-5 


156-5 


156-2 


148-8 


R 


154-9 


153-0 


149-3 


144-0 


E + T 


152-4 




s 


• • 


■ 




E &T 


152-3 




• 


« « 




H + R 


150-8 




1 • 


• • 




H&R 


149-8 




• 


• • 




E &H 


150-3 




» 


• • 




E, T, n & E 


150-6 




» « 






^Vleans . . . 


152-05 


149-9 


149-0 


143-25 



Now it is clear that neither the chart (Pn), nor Manouvrier's " Coefiicients 
moyens ultimes" (M), make in this case much alteration on the estimate given by 
my normal regression formula (/c) for all four long bones. But the value given by 
Fl is 6 centims. less. Sir George Humphry gives the average stature of these three 
Bushmen as 137*1 centims. He does not, however, state v^here his data are taken from. 
Curiously enough, his value for stature coincides exactly with the value Topfnard says 
Barrow has assigned to the Bushmen. I cannot think that this was the stature in 
life of the individuals whose bones are averaged by Humphry. Fritsch gives the 
average stature of six Bushmen he measured as 144 centims. ,t and I should hesitate 
to place the mean stature of the above three below 145 centims, to 150 centims. At 



* It lias been used bj Orfila, Sii' George Humphry, and otliers, and, as we have seen, gives quite 
incorrect results for races from 155 to 175 centims. in stature. 






See Topinard, * Anthropologic generale,' p. 461. 
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the same time it must be remembered that the stature falls within the range within 
which our chart shows that a very slight change in the long bones makes a great 
difference in stature. In case the reader should be inclined to put too great faith in ¥1, I 
would draw attention to the fact that it underestimates by slightly over 5 centims. the 
known stature of the fairly short Aino race^ while Pj or P^ give it almost eicourately 
and M fairly closely. 

The only other Bushmen I have been able to find are a male and two females in 
the lioyal College of Surgeon's Catalogue. Selecting the right members as those for 
which our formulae and curves are deduced, we have : 



■ale^ F = 35'6 centims., H = 25*5 centims., T = 29*9 centims^^ R=: 20*8 centims. 

Female 1, F=: 38-0 ,, H=27-0 ,, ■ T = 33"2 ,, Rrr:21-o' ,, 

,, ^, Jj '^^^ O / *0 ,» -O. ^^^ Ji%) I ,, X ^^^ ^o'q , , X\; "^^^^ lo D ,5 



The following table gives the estimated statures :• 



Bone. 



Key 
letter. 



{a) 

(6) 

(c) 
(d) 

(/) 
{h) 

(Jc) 



Mean . 



Pi. 



148-2 
lM'4i 
149*7 
154-0 

147-2 
147-2 
146-9 
144'4 
144-8 
144-8 



147-2 



Male. 



Pn. 


M. 1 


130 


137-6 


124 


132-9 


136 


142-5 


152 


147-3 

« • 


• 9 


■ 



135-5 " 140-1 



146-2 
146-0 
148-0 



134-9 148-4 



Female 



M. 


Pi. 


Pn. 


131-9 


146-7 


148 8 


129-1 


145-8 


140-6 


135-7 


152-9 


154-6 


142-0 


151-4 


154-3 


O 9 


149-3 


a « 


• (* 


149-4 

14R-1 


* ft 



M. 



145-1 
145-1 
160-0 

155-7 



Pi. 



141-6 

140-1 
153-3 
150-4 






3 » 


a 3 


* * 

» 9 


149-6 


151-5 


146-3 



Female 2. 



n- 




M. 



143-5 

138-1 

137-9 



14? 



143-3 i 133-2 ! 140*75 



PI, 



140-1 
133-3 
133-0 
133-2 



134-9 



The estimates based on the skeleton height of these three Bushmen are : Male 
=: ISS'S, female 1 =r: 140*0^ and female 2 = 139*0 centims. The mean error made 
by Pji is 5*9^ by M 6'7^ and by Fl 4*1 centims. But it must be noticed that the last 
gives in one instance ^^6-5 than the height estimated from the skeleton— a result 
which is in itself very improbable. A consideration of the values here given seems to 
show that with the mean length of bones given by Humphry the mean stature could 
not possibly have been the 137^1 centims. he states. For whatever estimate we take 
of the Female 1, she must have been with bones no longer^ at least 10 centims. taller 
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tlian Humphry's mean male. Taking our four males and two females we get from Pn 
estimated statures for male and female Bushmen of about 146 and 142 centims., which 
I expect are not very far from the truth. 

(25.) Ahha Stature, 

In a paper by Sir W. H. Flower in the 'Journal of the Anthropological Institute/ 
vol. 18, 1889, entitled: ''Description of two Skeletons of Akkas, a Pygmy Race 
from Central Africa," the following data are given (p. 14) : 



Female . 



33-4 



? J 



H. 



ny 



T. 



A. V» 



32*6 centims, 23'8 centims. 27*0 centims. 18*2 centims. 



24*4 



5? 



27"0 



53 



19-4 



?5 



In the following table the reconstructed statures are given on the same four hypo- 
theses as we have considered in the case of Bushmen. 



Bone. 




Male, 




137-8 


Eemale. 


Fl. 


Kej letter. 


142-6 


J ji' 

118-5 


M. 
125-8 


El. 
121-0 


120-3 


M. 


(») 


127-3 


124-6 


(6) 


139-5 


117-5 


124-0 


120-4 


138-7 


^ 119-8 


131-1 


126-6 


(«) 


140-7 


122-5 


128-6 


122-6 


136-4 


121-2 


129-9 


124-7 


id) 


145-5 


119-5 


128-8 


124-3 


146-1 


135-3 ; 143-8 


138-9 


(e) 


139-3 


» » 




■ 


136-3 


• c « • 


• 9 


(/) 


139-4 


, a 




9 « 


136-3 


• « 


» % 


# 


(?) 


139-5 


« « 




» • 


141-2 


« e 


• • 


• « 


(h) 


139-2 


* m 




i 
* * 


139-0 


9 O 


• ft 


• • 


(i) 


139-0 


» • 




* • 


137-2 


* • 


• » 


» « 


Mean . 


138*2 
140-3 


« • 

119-6 


B O 


i 

\ 
t 

1221 


135-0 

138-4 


* * 

124-1 


133-0 


• « 


126-8 


128-7 



Sir Wc II. Flower estimates the height of both individuals at about 4 feet, or 
122 centims. He gives 121*8 as the estimate of stature from the female skeleton. 
We could, hardly want better results than are given by Pn. Fl gives also good 
results, while M appears to err in excess.^^ 

^' Emin Pasha refers to an Akka woman of 136 centims. Btature, who must therefore have been con- 
siderably taller than the above woman. 
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(26.) Andamanese Stature, 

The stature of the Andamanese is a peculiarly difficult one to estimate. They are 
taller than Bushmen and Akkas, and fall more markedly into the unstable range of 
our chart curves. The measurements of a very considerable number of long bones 
have been given by Sir W. H. Flower in two papers in the ' Journal of the 
Anthropological Institute/ vol. 9, 1879^ and vol 14, 1885. I take the following 
mean values from the latter paper (p. 116) :-~™ 



Male . 
Female 



Fo. 



25 
26 



i\ 



39-34 
38-04 



H. 



27-65 
26-36 






OO iw Jl 

32-10 



R. 



21-01 



Constructing as in tiie previous cases a table of stature as estimated by all four 
methods we find : — 




(«) 
(6) 
(c) 
(d) 
{e) 
if) 

(g) 
ill) 

(k) 



Me a' 



an 



156-3 

150-7 
157-6 
159-6 
165-4 
166 -3 
163-6 
160-7 
162-0 
152-6 



164-3 



Male. 



II' 



154 
144 

157 
160 



163-7 



M. 



144-2 
158-4 



163 '6 



El. 



145-8 
139-9 
160-8 
163-7 



147-6 






146-8 
144-0 
150-3 

161-6 
148-1 
148-2 
147-0 

144-5 
146-4 
14G-1 



47-2 



Female. 



Pn. 


\ 

f 

\ M. 
; 145-2 


i 
j 

FL ; 


148-8 


141-8 


138-1 


141-6 


136-7 


151*7 


1 163-7 


148-3 


164-3 

« 6 

« » 
e ft 


! 156-8 

1 8 * 

s a 

e s 
i 

i ' * 

j 
! 

! 

; * e 

j 


150'4 

« e 

« « 

i 

a > 

{ 


148-2 


149-1 


144-3 



Now it will be observed that Pi, Pji. and M give sensibly the same result : 154 
centims. for the male ; that for the female, Pu, owing to our having first to increase 
the female bones to reduce them to male lengths, gives a higher result than Pj, for 
we have got into the unstable range of the curves^ and the stature-reducing factor 
afterwards applied does not undo the excess. There is not much, therefore, to choose 
between Pj, P^, and M for the Andamanese, They give results 4 centims, greater 
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than Fl in the case of males, and 3 centims. greater in the case of females. From 
them we should conclude that the stature of Andam<anese was given by male =154 
centims., female =. 148 centims. Man/'' who measured 48 male and 41 female living 
Anclamanese, gives the stature as, male = 149*2 centims., and female === 140*3 

Sir W. H. Flower estimates the stature from his skeletons at male = 143*1 centims., 
and female ^^ 138'3 centims. This is very nnich less even than Man's determination 
of the living stature. Mantegazza, who possesses a skeleton of an Andamanese, 
gives its skeleton height at 148^5 centims., and Kollmann considers its living 
stature to have been 150 centims.t The femur in this case is 42 '4 centims. long, 
which would correspond in a normal Frenchman to a stature of 161 centims. I 
must state that I feel inclined to put entirely on one side estimates of stature based 
on the height of the articulated or unarticulated skeleton, they appear invariably to 
underrate the living stature, and often by very large amounts. Even if we suppose 
the Andamanese to have the relative proportions of full-sized people (e.g., use Fl), 
we obtain statures considerably above Sir W. H. Flower's estimates. On the other 
hand Man's measurements, which give results much in excess of the latter, fall 
considerably short of the results we obtain from. Pj, Pn? or M. They even fall 
short of Fl, and in the case of females markedly short of it„ If we consider that 
Flower's skeletons and Man's individuals belong to the same group, then it must 
be confessed that our estimates are unsatisfactory. ' The hypothesis Fl gives the 
least divergent result, but it cannot be considered a particularly good one. It will 
be seen at once that it is the inferior members in each limb which give the 
exaggerated stature estimates. If we confined our attention to femur and humerus, 
then Pji (a) and (&) would give 149*0 for males and 143*4 for females, results better 
in accordance with Man's measurements than Fl for all four bones, or than Fl for 
male femur and humerus only» 

When we consider the immense importance of these dwarf races for the problem 
of evolution, the main result of our investigation is obvious ; there ought to be 
an elaborate investigation— such as Koganei has made for the Aino— on the long 
bones of skeletons and the stature of living individuals, of some extant dwarf race. 
These races are rapidly becoming extinct, and the possibility of making such an 
investigation is yearly diminishing. Yet it is only by a careful comparison of. the 
regression formulae for dwarf and normal races that it seems to me possible that we 
shall be able quantitatively, and therefore definitively, to fix the relationship of 
dwarf and normal races in the course of evolution.| 

* See Sir W. H. Flower on " Pygmy Races," ' Journ. of Anthropological Institute,' vol. 18, 1889, p. 73. 

t jSTuesch, loc. cit.^ infra y p. 129. 

t; The reader must bear in mind that nearly all the vagaeuess involved in our attempts to recon- 
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(27.) Eitropean Neolithic Dtvarfs. 

In the recently published work by Nuesch, * Die prahistorische Niederlassung 
beim Schweizersbild/ 1896^ is a memoir by KollmamNj entitled, ''.Die menschlichen, 
Skelete, besonders liber die fossilen menschlichen Zwerge/' This publication for the 
first time showed us that there existed in neolithic Europe, alongside a normal race, 
with a stature of about 163 centims,, a dwarf race, very similar to the pygmy races, 
of which we still find traces extant in Africa and Asia. At any rate the discovery 
in the same group of graves of four skeletons, or rather fragments of skeletons, 
which must have belonged to individuals who were pygmies, and not ^^ pathological " 
dwarfs, points very strongly in this direction^ 

KoLLMANN, who gives a most interesting discussion of these neolithic pygmies^ 



provides the following measurements :- 







F. 


1. Female 


e ■• e 


36*9 centims. 


9 


or male. 


31-3 




♦ • » 


35-52 


4 


or male. 


39-40 



J — »~ . .JL » wLv« 



25^15 centims^ 29*90 centims, 

28-20 „ 32-rO ,, 22-60 centims. 



Of these: 1, female, is an adult ; 2, female or male, is that of a young person 16 to 
18 years old, and, according to Kollmank, probably, but not certainly, female; 
3, female, and 4, female or male, are adults, but as we see the sex of the latter 
appears doubtful. Proceeding, as in the earlier cases, we find in- 



struct stature, arises from the fact that the regression coefficients for long bones and stature are known 
for one local race only, and tliat we have nothing else to go upon. Had we endeavoured to reconstruct 
one long bone from a second, we sliould have had far more exact material to determine the differential 
evolution of local races. 
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If we in(3lu(ie tlie non-adult and suppose the whole series female, we have : 



Pi. 



n« 



142 '9 centlms. 



136*7 centhns. 



Without the non-adultj we have : 



P 



IP 



145*9 centims. 



144*3 centims. 



The two possible males give : 

144^2 centims. 134*2 centims. 



The adult male gives : 
154*6 centims* 



Pii' 
154*5 centims. 



M 



38°7 centims. 



145\3 centims. 



A. 



153 "9 centims. 



FL 

134'8 centims. 



FL 
140*9 centims. 



FL 



136*5 centims. 132*3 centims» 



L 



147*9 centims. 



The single male here is about identical with the means obtained by the different 
methods on p. 236 for the male Andamanese^ and the adult females give a result 
somewhat less than that of the female Andamanese as reconstructed from their long 
bones, but in close accordance with Man's measurements of living Andamanese 
stature. The dimensions are somewhat larger than those of Bushmen, or Akkas, or 
Negritos. We seem, therefore, justified in assuming a neolithic pygmy race in 
Europe having a> stature about the same as that of the Andamanese. Whether the 
actual stature of this race was for the female nearer to 144 centims. (Pn) or 
141 centims. (Fl) it seems to me impossible to ascertain definitely until we have 
more trustworthy and extensive measurements than yet exist of the living stature 
of extant pygi^y races. 

(28.) Conchision. 

The formulae and curves for the reconstruction of stature which are given in this 
memoir, must by no means be taken as finaL No scientific investigation can be 
final ; it merely represents the m.ost probable conclusions which can be drawn from 
the data at the disposal of the v/riter. A wider range of. facts, or more refined 
analysis, experiment, and observation will always lead to new form.ul8e and new 
theories. This is the essence of scientific progress„ All, therefore, which is claimed 
for this paper is (i.) that it exhibits a better theory of the reconstruction of stature 
than any which has so far existed — it might not be too much to say that nothing 
which can be called a theory has hitherto existed ; (ii.) that it determines the 
constants of the formulae given by that theory as well as the existing data allow of ; 
(iii.) that it gives values for the probable statures of prehistoric races^ which have 
far less divergence among themselves, whatever be the bone or combination of bones 
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used, than those suggested by previous investigators ; and lastly (iv.) that it 
indicates what additional data ought to be sought for, and to some extent what is 
the inner meaning of divergent results, for the great problem of racial differentiation 
by natural selection.^ 

Of the general conclusions reached by the author, perhaps two deserve restating 
and emphasising here. In the first place, although there were individual tall men 
among the neolithic populations, whose bones have so far been unearthed, yet neolithic 
man as a whole was short. Of course, it is possible that a tall neolithic type, i.e., one 
with a stature greater than 168 centims. say, may 3^eb be discovered — witness the 
discovery within the last two years of a neolithic dwarf But failing its appearance, 
the question arises, where and how did the tall Anglo-Saxon and Scandinavian 
develop ? To what extent is this tallness racial, to what extent due to environment ? 
The apparently greater stature of British over Continental neoHthic man deserves 
special consideration from anthropologists. 

Secondly, granting that the modern populations in the same district are taller than 
the neolithic populations, there still appears in both France and Southern Germany 
some regression of the modern stature on that of the ancient Franks, Bajuvars, and 
Allemans. I differ from both Bahon and Lehmann-N[TSCHE in considering that the 
difference is too great to be accounted for as a process of natural selection applied to 
the long bones. Rahon has made a slip in his arithmetic, and Lehmann-Nitsche 
compares the Row Grave population w^ith the ^inost favourable element of Munich 
town recruits. If the divergence could be accounted for by selection applied to the 
bones, why is not a similar divergence to be found in the case of Anglo-Saxons and 
modern English ? I think an explanation must be sought elsewhere. One suggestion 
is, that as the physical struggle for existence has been lessened, reproductive selection 
has had more play, and the greater fertility of an older pre-Germanic element in the 
populations of both Southern Germany and France has led to a return of stature to 
its more ancient value. In the case of Anglo-Saxons and Scandinavians in England 
there was very probably a more complete destruction of the earlier populations. 
Whatever may be the real reason for this apparent degeneration, it seems most 
desirable that there should be a systematic measurement of all long bones dug up 
anywhere in our own country, and this whether they belong to prehistoric or historic 
times. Stature is quite as marked a racial character as cephalic index, or any other 
skull measurement, and its high correlation with the long bones admits even in the 
present state of our data of its reconstruction with very considerable accuracy, if only 
a sufficient representation, say twenty to forty long bones, of an ancient population 
has been measured. It is only by the gradual accumulation of such data that we can 

* The influence of dii^ected as distinguished from random selection on size, variation, correlation, and 
regression has been theoretically developed in a memoir not yet pnbli.shed. Having been ftdly 
discussed in mj college lechires of this Session, much of the recent work of my departmeni, like the 
present memoir, touches on it. 
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hope for light on the manner in which our own population has developed and is 
developing^^" 

(29.) The following' table restates some of the numerical results reached, and further 
includes^ for the purposes of comparison^ the stature of certain modern races as given 
by various authorities. No stress whatever is laid on the latter values^ which have 
often been determined by doubtful observers from very small series. t They are merely 
given here in order to show the general position of the reconstructed races in the order 
of racial statures. 

Table of Stature and Sexual Katio for Divers Races, 



Race. 


Authority, 


Male. 


Female, 


Ratio cJ / ¥ . 


12 giants > 200 .^ 


Memoir, p. 226 


217-6 


« & 


» ft 


4 sub-giants. Bavarian recruits . 


Ranke 


190-5 


e 9 


4 


3 siib-giants in Museums . , , 


Memoir, p. 226 


186-9 


« « 


9 


Samoans 


TOPINAKD 


188-3 


B » 


* * 


Patagonians . 


MovENO and TiiSTEE 


185-0 


«• * 


«f « 


Oaribeans ......... 


Humboldt 


184-0 


» 


e * 


Red Indians . 


TOPINARD 


175-180 


» # 


• » 


Polynesians 


?» 


170-180 


^ « 


tt • 


Flamboro' Head Englisli . . . 


Pitt Rivers 


175-2 


162-5 


1-078 


Livonians ........ 


TOPINARD 


173-6 




a • 


Americans (born) 


Gould 


173-5 


a S 


a 


Fellahs (Egypt) 


WOLNEY 


173-0 


• • 


• e 


Englisli (Middle classes) . . . 


Pearson 


172-8 


159-9 


1-080 


Todas of Nilgberry ..... 


'^Iarshall 


172-7 


• « 


• « 


Norwegians ....... 


Hunt 


172-0 


9 « 


9 ft 


American Scottish - 


Gould 


171-6 


4 9 




Bantu 


Fritsch 


171-8 


• e 


9 ^ 


Finns 


BONSDORPF 


171-4 


« tt 


6 • 


American Norse 


Baxter 


171-3 


« « 


e « 


Round Barrow British .... 


.Vlemoirj p. 213 


171-1 


160-2 


1-090 


Anglo- Saxons ....... 


,, p. 216 


170-9 


156-0 


1-096 


American Iiish ....... 


Gould 


170-5 


* • 


e e 


Lithuanians 


TOPINARD 


170-4 


• • 


• « 


American English . . . . . . 


Gould 


1 70-1 


« « 


• • 


English Commonalty 


Galton 


170-0 


158-3 


1-074 


Sikhs . 


TOPINARD 


170-0 


s m 


« a 


Bajuvars from Row Graves. . . 


^Vlemoir, p. 214 


169-2 


154-5 


1-095 


American Germans 


Baxter 


169-5 


* « 


• ^ 


American Danes ...... 


3> 


169-2 


» » 


e 1 


American Swedes 


Gould 


169-2 


« • 


ft t 


Nubians 


Topijstard 


169-0 


» * 


9 « 


Bechuanas 


l^^RITSCH 


168-4 


• • 


9 « 


American negroes (pure) . . . 


Gould 


168-0 


e « 


9 6 



* For example, no ooe can say at present what was the stature of Englishmen from a.d. 1000 to 1700, 
and yet large collections o£ bones exist, which would suffice to answer this problem. 

t ToiMNARD, for example, considers the sex ratio for 73 series in " Etude sur la taille consideree 
suivant . . le sexe . . . et les races," *E^evue d'Anthropolgie,' 1876, p. 34, but he merely gives means 
for grouped results and does not tell us the details for the individual series. 
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Table of Stature and Sexual Ratio foi^ Divers Races — (continued). 



Race. 



4tli to 7th cent, mediaeval French . 

Naqada Race 

Neolithic man in Britain 

Kabyles 

Guanches I 

Romano -British 

Franks 

French (as corpse) 

10th to 11th cent, mediaeval French 

Gnanches II 

Mordevins 

Munich District conscripts . 
Bavarians (as corpse) .... 
Russian soldiers (Great Russia) . 
Dolmens (Algeria) ..... 

French conscripts 

Italians (Tuscany) 

Dolmens (India) 

Romano -Gauls ........ 

Chinese 

Esfchonians 

Ruthenians 

Dolmens (Caucasus) 

Neolithic man (Mureaux) . 

Baden conscripts 

Palaeolithic man 

Neolithic man, France and Belgium 

Italians (Piedmont) 

Sicilians 

Neolithic man (Brueil) . . . . 

Hottentots 

Samoyedes 

Annamites 

Esquimaux 

Sardinians 

Aino 

Juags of Oriva 

Veddahs 

Ostiaks . 

Siamese 

-uaoD .•.....».. 

Andamanese I 

Andamanese II. . . . 

Bushmen I 

Bushmen II 

Aigtas of Luzon 

Neolithic dwarfs 

35 Bavarian super-dwarfs . . . 

Akkas 

4 dwarfs < 125 centims. . . . 

\jroriiia •»..« «... 

Chimpanze 

Orang 



Authority. 



Memoir, p. 219 
„ p. 211 

p. 206 
Prengrubee 
Memoir, p. 210 



35 

55 
33 



p. 213 

p. 218 
p. 180 
p. 219 
p. 210 
topinard 
Ranke 

BiSCHOFF 
TOPINARD 

Memoir, p. 210 

Manouvrier 

topinard 

Memoir, p. 210 
„ p. 213 
Brigham 
topinard 

33 

Memoir, p. 210 
p. 208 

BCKER 

Memoir, p. 205 
„ p. 207 

TOPINARD 



33 



33 



Memoir, p. 208 
Fritsch 
topinard 



53 



Sutherland 

topinard 

Memoir, p. 199 

Short 

Bailey 

topinard 



53 



Mantegazza 

Man 

Memoir, p. 236 

Fritsch 

Memoir, p. 233 

Marche and Montano 

Memoir, p. 240 

Ranke 
Memoir, p. 235 
p. 226 



Memoir, p. 202 



33 
33 



33 
33 



Male. 



167-98 

167-5 

167-3 

167-3 

166-77 

166-7 

166-42 

166-26 

166-24 

166-18 

166-0 

166-0 

165-93 

165-5 

165-5 

165-0 

165-0 

165-24 

164-82 

164-5 

164-2 

164-0 

164-33 

163-39 

163-0 

162-7 

162-54 

162-0 

162-0 

161-0 

160-91 

160-4 

159-0 

158-9 

168-5 

158-0 

156-7 

156-0 

153-0 

153-0 

152'5 

152-3 

149-2 

147-6 

144-4 

146-0 

144-1 

148-0 (?) 

133-9 

120-0 

106-6 



147-0 
127-0 
112'0 



Female. 



154-79 

156-0 

153-6 

154-65 

152-2 

15212 

154-02 

154-49 

153-83 



153-85 
152-56 



154-86 

152'27 



152-47 

152-56 



161-44 



160-68 



152-8 
147-1 
143-3 (?) 



145-0 
140-3 
144-3 
140-4 
142-0 
138-4 
141-0 (?) 

124-0 



Ratio c?/? 



1-085 
1-074 
1-089 

1-078 
1-090 
1-091 
1-079 
1-077 
1-081 



1-078 
1-085 



1-067 

1-082 



1-078 
1071 



1-073 



1-068 



1-036 
1-065 
1-068 



1-050 
1-063 
1-023 

1-028 

i-bii 
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[Note added November 29, 1898. — Dr. Waeben has raade an experiment on two 
Naqada femora and kindly sent me the following results : — 



Femur 


I. Oblique Len 


{/th 


1 


Femur 


II. Ohliqim 


Length, 


Wednesday^ 


1 P.M. 


• • 


« 


40*82 


Tuesday, 


10 A.M. . 


• 


. 44-31 


Put into water 


at 1 P.M. 




Put into water at 10 


A.M. 


Wednesday, 


7 P.M. 


• « 




40-97 


Tuesday, 


12 A.M. , 




. 44-38 


Thursday^ 


10 A.M. 


ft 




41*00 


1? 


7.30 P.M. . 




. 44-42 


J? 


7 P.M. 


• « 




41-00 


Wednesday, 


1 P.M. . 




, 44-47 


Jb'riday^ 


10 A.M. 


* » 




41-01 


?j 


7 P.M. . 




. 44-48 


f? 


6 P.M. 


» « 




41-02 


Thursday, 


10 A.M. . 




. 44-50 


Saturday, 


10 A.M, 


s » 




41*03 


Saturday, 


10 A.M. . 




. 44-58 


Monday, 


10 A.M. 


« * 




41-04 


Monday, 


10 A.M. . 




. 44-53 


Removed from water at 10 A.M. 


E.emoved from water 


at 


11 A.M. 


Monday, 


7 P.M. 


A . 





41-04 


Monday, 


7 P.M. . 




. 44-53 


Tuesday^ 


10 A.M. 


• . 


* 


41*02 


Tuesday, 


10 A.M. . 




. 44-43 


1 

?3 


7.30 P.M. 


• • 


9 


41-02 


Wednesday, 


10 A.M. , 




. 44-34 


Wednesday, 


10 A.M. 


« « 




40*96 


Thursday^ 


10 A.M. . 




. 44-32 


Thursday, 


10 A.M. 






40-89 


Friday, 


7 P.M. . 




. 44-32 


Friday, 


10 A.M. 






40-87 










Saturday, 


10 A.M. 






40-82 










Monday, 


10 A.M. 






40-81 










Tuesday, 


10 A.M. 






40-80 










Wednesday, 


10 A.M. 






40-80 










Friday, 


10 A.M. 


» « 




40-80 











Thus there was a difference in the dry and wet states of 2*4 and 2*2 millims. 
respectively. Considering that the bones were some 3500 years older than those I 
experimented on, the agreement in result must be considered good. The maximum 
rate of expansion is reached in the first hour or two, and then gradually diminishes : 
the maximum rate of contraction is not reached before about the second or third 
day, without artificial drying as in my case.] 



Pearson. 



o 



F 



10 



05 
^ zo 



SO 



o- 
T 



40 



10- 



50 



ZO- 



60 



SO- 



TO 



40^ 



80 



90 



inn 



~T ji - . " - in 


~r T iT~ " 


\ so too 110 


/2C /SO /4d 






^^^ CentrnaLree 




'^^ 




"^ 




"^=. " '" Ijl 








"^^^ ' - 4 




^v. 




^^ 








' "^-.^ it: 




^:^ 




~X- ^^ 




>^ 








W ^ 




"^\'^s. ^^ 




^^v^ ■ - ■■■ ■ ' ■ " "^ 


\ 1 


'^•v^^^ 




"^v^\ 


^^ 


^v^^v. 


^^ 1 


"^^^Z 


5i; ip _r 






^""■"-s^ ^i^"^5», Aa' 


^^^ IL 


. ■■ ;■- ^» »^ ■■ ■ - ■ ^^ ^>^ ^^^^ ^ 


-_:^'-^^ --r ■ 


V- ■^--.. "^--v^^.. "' 






'""^^ 




4: "^::.^ 


*^^^,"^-^ 


^^ 


"^-v^'-^;^ 




"^v^ ^^ 


^ ^ ' .,,// .-.'. J^-.^ 


^ 


u^::-^ ^t: ^^ It 


— — — ■■ taJ* 






^-~,^"~ -,. ^-v, 


\^ 


'^"^-^""■^- ^^ 


^'^-^ 


~^"~--~~lL'^ ■>- " "^^ 


"^-v^ 


"~'*^==":::: — ^ 


"^^ 


"" - . ^ T~r~^~ 


l'^-^ . 




""< 




) :^. u_^.. 




^\ 1 




^^ 




"^-s^ . . 




' ^-^^ 




"^^^ ^"^ 




^^ 1 ^-ov 




'I^^>>. "^^5s^ 


'■ 


""^:^ "^v^ 




^^■^ 


"^•^ 


"^^1^ 


"^^ 


• __Ll"^^is- 


>.^ 


"■■*- ^^ "^^-^^ 




■" ->— .^ ^"^^^i. 


"^v^ 


"■-- — _ 1 "^-^■^ 


""•--, 


°^"~~-^ "^^"^-^ 


^^ 


__■ ~~"~~"--=»_^ "~^^~^==>.^^ 


"^^. 




_4-_ "^'^Sv. 


~" " ■- L^ ■ 


"^"x- "^--v 




^ -~ ^^-^ ^ ^"-v 


r 


~" "^^^ ""^"-^ 




'^"~^"~"s^*. I^^ 1 


. 


"""^"^SL;-. "^"^^ 




^■^^^Js^ 




"~ -^ -— =4_ ■ 




^ ^ ~» ^ 


, 
















f- • ■ ^--.^-^.^ 










■ 






' 












* 








\ 




)- 






„, , . ' . ■ 


■ 








\ 


' 








. 










% 




;- 
























, 


■ 




, 






1- . -. — 





IT; ., r . ._...._ _. __ . IT IT '- IT. ~^ ~ 


/5d /6d I7C IBC IBO 20C 210 


' ' 1 

..J . ,.-,., ^% , ■•■*. / , TT" Ml M 1 J ■* ... #^ . , , , 


S r:A T^t^^ £ 








' 


; ■ - 




i. 


1. 








_, It _. ~uTa%r^ni iter e^tims\i^in^ ^^^^tiT^ from 




' ' ^ ' ' ■ s ■ ■ 

rm ^ ' W • ,t » . ■ 


_ l{l _^ H 2'iT,7Ufr at. .i'ij^/s. ■ ■ 








i . ' 


1 • ■■■ ■"■ -"" "" ■" "" 


■ 






• 


■ '~ J 














'"■^>x + 




1 "^-s^ ,^ 


"^v^ ■ , 


r ■~~' — r— . ^^ 


L, '~~"'^-^^^ 




41 "^ji-^^. ""^^^ it ■ • : "' . : 


it . - ---^^ ^--^ • . „ 


' ^ . , ^^ . flftft 


1 J --2:.j=^ ■ ■' - ■ ji : 


J '"" T\ ' '■' ■ 


" ' ■^^'^..■ ■ ■ ■ 1 " " " ■""■" 


■"v^ ^""^ --. ^ • 




"^--^ "^"^ -. 


^ ^"^.^ "" ■-■- 


ll' iT "^^^^-^ _,J^;;-H.S^ _ - ■ IT " 


-.^-.^ ^-^i ^5^=^ ^H--^ A 




^^ =,,^^ _^^^^ 


Vi ^1.^ .^ --^ r) r)# ' 


^^ — ^ -.. ^^ ' ^ 


. - , . ^v ■ ■ . . -<>=. ^ 1 


„.. .,.,. H^ .,.., ri -".Z^ "^^ 




—i— ^^ ^- 


i it iji ' ^^^ 




i"^^^ _ " ■ ■ '■ ^"'^ .' ' " " 




. 1 . '^-s^ \^ 


^^ ■^■— -^^-^^ ' \ 


^ . . "^-^^ ^"V. 


" "■ - ~ '^^^ ^\ 


■^- "^"^^s^ -P» "^^ 


4 ^"--^^j ■ '^^^ . : 


-^-^^ - "'-^ 




"^^ "" . "^s, 


^^^ ^ "■- - 


^■^^--- "" """ ~~ :::i! fc^ ' 


^->v^^ ~~~— -■— . , ""'•«•- ■ ' ' 


^->^ ""■ — --.- ^^ 


■^■^ 1 ~" ""^ -^ ;r ■-- ^ ® 


"^ "^^ "^^Sj^s^ 


■^^ '"'^=>-^ o 






^v^ ■ "^^ 


'■ ' ...,,, . "^..^ '"" ' ' ■ . . Y..^^ 


~" ^i=^ 


"^■^ _Y 


^-^^ 


^^■^ 


"^^. 


'^"^s*. 


"^■^ 


"^^ 


■^^ 




i 






' 


• 





Phil, Trans. ^ A, vol. 192, Plate 3. 















1 


















t 
















1 








*••— *«-" 




















^^d 


1 
















^5C 
















4 


1^0 












~f^ 






























































. 






V 






































































































































v 


jT 




































































Jr 






















































































































































































































































































































































































































--//I 




































































"■-/(/ 








































































^ 




































































f. 


H 


>> 


H 






























































































































































































































































■ 




























































* 
















































































' 








































































-p/^ 




































































£Xi 








































' 




























































































































































































































































































































































































































































































































































































--^/l 




































































"■QU 




























































































































































































































































































































































































































































' 








































































































































































---Afi 




































































*T%J 
















































































































































































































































































































































































































































































































, 




















































































































_-</> 




































































iJ\J 




















































































































































































































,/■ 


i 


































































'C 








































































i4 


r© 
























































^ 


-^ 


■*^ 
































































) 






=>! 


=^ 






^ 
































































"«* 


=<: 






^ 


s, 














































--.An 




















^" 




^ 


s 






















-I < 


' 


















vLr 




















ro 




^ 




^ 


•C; 


^ 






£ 


) 








'^t 


W 












































'^ 


k 




\ 




""( 


h * 


















































Qr 






f 




'-^ 


\. 


^V 


\ 






"■ 


•** 


-- 


■>■ 






































i 


5' 














•v 


-\ 




■\ 












"^ ■- 
























































\ 


X 
















•*-* 


^ 


















































'■^ 




V 
















>^ 




















































X 




\, 


■N, 
















- 


















































V 


'v 


^•^ 








































































s 










7/) 


■\ 


\ 




















































:*^ 


^ 


^ 


^ 






-"/U 






\. 


s 






















































<> 
















\ 


•Sw 




















































^:- 


















^ 


«^ 


















































^^ 


"N 
















v 


\, 


V 




































































V 


"v^ 






































































'X 


\, 






































































■\ 


X 






































































^ 


V, 






































































\, 


s. 






























--/?/! 








































V 




























0\J 


r^ 








































■V 


\ 






































• "^ 




^ 




























's 


\. 


































>h 


■^ 


^ 




** •" 


-. 


-. 
























V. 


































"^ 










c 


> 




■~- 


-- 




















"x 






































"v 




^ 












"*" 


■- 




■ *«- 










^ 


■v. 




































'■•^^ 


~-v, 


^ 


.^ 




























^ 


iv 






































^ 


V, 


--v 


>h 


















■^ * 




-- 




*^ 








































■M 


jQ»^ 


^, , 


X 












• 










-v. 


"vT".' 














































"-^ 


-v^ 


n 


















-v 


--on 


•^ 












































""" 


"^ 


::;-, 


>», , 
















^u 




„^ 


•^ 














































<^<, 


:x 


























''^ 










































"~^ 




^> 
























^ 


■^ 






































































'"V 




^ 


• 








































^^ 




























■^ 


■^ 








































^:; 


^ 




























"^ 












































































»v 






































































^ 


*x 
























































— 




«. 










■X 




^ 








_ __ 














--fOO 



«0 



r30 



-40 



-50 



-60 





" 







































































































































































































































' 










































— 


















































































































































^ 
























































































































-_ — 










lys^ 








































































































































too- 








































































































































































































































• 


















































• 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































tl^ 










































































































































no- 
















































£ 


e 


m 


^A 


^1 


?^ 


n 


?^ 


• 




































































































""—I 




































































































































90 


















/c 


•0 


















no 


















A?0 


















/3<3 


















/fO 




































1 


















1 


















i 




«■«■ 














1 


















1 








-« 


la 








1 ,. 


mmm 


KM 




.» 


_ j^^ 






































































































































































































































































































































































































































' 




















































































• 












































































, 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































___ 
























































































































































































































































































































































































































































































































































































































































c 


•■ 


f 


A 


« 


r 


t 


/ 




? 




/T 
































































































































o 


> 




A 




f 


i 


/ 


> 




^ 








































































' 




































i50 


















It 


\c 


















/h 


















/J 


^6 


















/io 


















2< 


oc 


















2/0 


















.» 
























_ 




1 












-, 




•»- 


1 


_ 


_ 


_ 


^ 


— 


. 












^ 








iM^ 




1 






'^^ ^ 






— 






1 






— 


— 










1 


, 


ia» 


„„ 




■>•( 


aw> 



























^ 


■^ 












































^ 




5; 




























v. 


■^ 














































































■^ 


'*N 














































































*^ 




























































- 
















"^ 


\ 






























--//V) 


















































^ 
























--fUU 




















































■^ 














































































■«-, 


\ 


^ 














































































>^ 










■ 


































































'V, 




>a 














































































s 








































































































































































































































































































--///I 










































































IIU 






















































































220 
















i 


aso 
















i 


^fC 


















■J L- 


I^J,^ 




•"m 


aw> 




mm 


J- 








!-. 


^ 




mmm 




1 


-¥- 
















1 










^ 


1 



-70 



<1?0' 



Pearson, 



o 



H 



m 






0-30 



fO 



£0-\ 



so- 



*rC/ 



50 



60 



^O- 



70 



50-^ 80 





















1 




•?— 




' 1 




ij ^A 


L 










BO 










fOC 













up 


mc (30 


I4C 

■ 


































T^ 






'^■^ 






















t 


:e 


n 


b 


f/n^CrB^ 


>. 






i"-*--^ 






























\ 




■ 




■*< 


"^=-> 












































^ 










































•s^^ 






































^*=: 










































'^s^ 


■^•— .„ .. 


















\ 






















-^ 
















i 
i 






































=s>L_i 






































1 


^:>4^ 






























"^-"-.^ 






— 1 — 




^ 






































''^ 
































_ . — — 1 , 


~ 


- — _ 






—Ki 






•^""^ 




















*'">*^ 








■ - — 


— 


~, 




— =^ 






















"^""•H-^ 
















T* *" 


J- 


>» ^"^^ 


^J^-- 


-^ 














, "^!!!a=^ 




1 


















■- i-^si 


^■Cl 


--.^ 












L_'^'^5»^ 
























f.'* 




=f-^ 


^ 






® 




' 














_| — 








r 








■-.. 


=-; 


^^^^S-^ -. 


.-ir 


■^^^ 


































•-JT '^'^^ 


"" " ■■-1 


"H'^-vi 




































~""~-f-~.-^ """ "^ - - 


"^"^-^ 




































"""^---^ """^---^ 


'""^•«~. 




































, """~~*~-~^-_^ j"~^""~--^ 


"^^ 




































"i — M — 1 


"^^ "** <m^ 


















I 




















^^ ^ ^ 


rs--~. 




































"" -^ 












































-= — 








































































' 














'^-- 










































■"^-4^ 
































































































































=^-^ 






































































■~^-~-.^ 








^^^^-^ 






























"^"^-^ L~ ZI 














::::««. 


^__^ 






















! "^-^ 


















"H^ 


^^ 


















. "~"^--.^ ~~^ 




t-^ 


^ "" __ ^ 
















"^r^ZZ """ 


_j-_L_ 














'^--.^ 












"~ ^ 


"1*" 


- -. , 


"* -. 




~ ""■ 


3^ 














1^ 


s?4«._^ ■ 




















■ — •• 




■^^ tn- 












"^--^ 




























' 




■j*^ 







"^"^-^^ 




































:;;-|- J ^J) 


"^"^-^ 




































"^"~4-~C f 


^^^ 


































- 


'''^■~--- '^~ 


, 




































i "^■~~-- — — . 








































, ::^i_2s — «~^ — - — - — r- 
























































































































































































































































































































































f 










— 


























-4 - 




































f 












































































■ 
















































































--— ^— 














































































. 




































































' 




1 


i-f ~ — 


































_„^ „„_ __„ _^ „ L-_1™~_1 d — .. — 1 








































■ ■ 
























, 








> . .^ -, 










































i^i„»-,„|.,.t,— ■ 






































. ■' • 






















a 


% 






























. 






I 


'^i 






n 


mLrs^. 






-jj. — 


























r 


r 


















Ba\ 










100 












110 


/£o m 


\ 14Q 


1- 


















\ 












L 1 


t -+-^-- -^ ^^ 


1 



f , . 1 1 "1 1 T '■""■" 


(41 I5C f60 170 im i90 2W ZIO 


.._ ....^ "y ... ^ ,..4«», ,, i ,# i> i" •. I ... - - 


■^ O / \H ( C/ f^ £,, 1 


'" ' ■■ 1 ■ " ' ■■ . -T" — ' — — r— 

1 


" -^—4— — j j- 




i 


■ 


1 




, 




1 Dm\^rt%m tor esbtmatun^ ^boiOutt 


€.►" ■ ; ■ 'C -■■■ 


..,_ , , „. „ „ ,, r# , , ™_ '■ f*i #1 


Humerus or RaaiiA^^. 


■ \ 






- - t "^ -i^.-™ . .. . .. . . , .. .. , .- 




1 


^ 1 


'^^^ 


^^^ ^ 


"^'^--. 


sr;:::;^ ~ '^'^-^ 


~~ "~ ->--.. "r" ~~~4-^^-^^ i_ 


^ """"■■'■-- J ~'^^^^=?k. 


i"" — — "^--^ 1 m 


i{i it "T: ^ ~-^--:^-i^it -t-T-t- -H h -^ - _j_:__^_-^_ -^ 




_j ' ^<:^~ -.^ i_ j __j 


, _ ""■*"[., , ."^ ■— , .._. ii%'\ . '. «.J . 


■ ^ ^^--=:=:^ -----_ ^i'' e^ 




^^■^•^ — -i— — 4l-I'~*--=^ 


^^^ ^'Hi • ■"■^-•~- —— |— . 


r— -^ : - : "T.--^^-.Sff::::::^^.^ A ^ 




- ^ '--^^ '^'^-^^^^^ 


^^^^ 


j" __^ [ 1 j ■ 1 T "S^ ) 1 


1 '*^^-«>. i 


j" 1 I , 1 "^^^ 


■^-^^ J I 1 l_ L_ I 1 I "^"^^s^ 


"^■^ .^ f 1 "^^■^s*^ 


"^^^ 1 j__ "^---^^ 


1 "^--^^ — i- . -4- ■ ~A \-~ ^- 


^ — -^__^_____-- — ==^_^^__ -^ — ^ ^ -f- , 


^^ — -^ "^■^-^ ^ 


'TT ih-H- ^____^^^^ ir .-qi 


u "^ it r-^-.-^-lt ^-t 




„_!_ "^:::^:5=::J==: -=---J' ... ■ .| 


___^ ^^-Sfc " — {•""• .p - ^-g' — ■igT'^- -^ ,_^ ^ a_ ® __1— - -_.^__ 




j 1 __ j . ^-^^ f - -4- - IT" ":t- 


"j I 1 _j j 'j . "^"^Ss^ 


"j " 1 1 j 1 l_ j "^"^rss __J_ 


\ ^ "^"^^ L— L_ 


. _j _j 1 L_ ""H-'-.^i 


1 j _, , "^"--L , I 


j j ^ j 1 [ -H^ 


1 " j , L^_i "^-^^ 






" r -^ i_ "■■■ " 1 1 , j . ■ _^___ t_ 




1 1 1 j 1 1 . 1 [ _, _ . „ j - ™ -., 




1 




c*r'^T'<'/.ip^ - -- - — 1 — ' 


i 1_4_ ,^ ,p-^f JF'. 1/ ff j£ 


/fe /50 tea i7Q im iSO\^ wO sio , 


t: X ■ IE lix it ZL. '~' ■ -L 1 . » 



Phil. Trans,, K, vol. 192, Plate 4. 




Phil. Tmaa., A, vol. ni. Plate i 




-TTH-^L-t! I ! :4i#l41i= ^ ;'^--'-- ^%1^+^^^^^ 



